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BepxHeMallaHCKOl CBUTbI OmKHa ObITb yKa3aHa 2000 Mm 


B wamei cratrbe (6.M.Tummeaboaps, H. A. Koacdnbunkosa u A. M. 
Ty wuua, «Knaccupakagia coco duros»), momeu2440% B JAH, r. 128, Ne 6, 1959 r. no 
AocaqHoMy HejocMorpy B TaOAMye 1 mpomyuleHa o4Ha CTpoKa, XapakTepusylomlad CaMOCTOATENb - 
HbIli THM bocbopHToB, Ha KOTOPbIit MMeIOTCA CCbIIKM B TekCTe Ha crp. 1260. 

Ilocne KoHKpelMOHHBIX tocopuToR B TaOmHWUe CmeqoBaO MOMeCcTUTD: 


Tenetuyeckue CTrpykTy pHO-TeKCTY p- Pa3sHOBHAHOCTH Tua TunuyHpe 
rpynnpl Hble PpynMbl mo cocraBy npuMepbl 
Mopcxne 
p PakymmuKosnie KBapueBule, IIpu6OantuKa, 
Me pBHYHO-OCaOUHBIe KBapleBO-KapOoHaTHble Katanra 


Bb. M. Tummeaopap6, H. A. Kpacuacxuxos, A. M. Tywuxa 


T-05449. Tognucano kK nmeuatH 12 V 1960 r. Tupax 5125 9x3. Sak. 334 
@Mopmar 6ymaru 70X 1081/4, Bym. J. 74/,. Tey. a. 20,55-+6 sxaeex. Yu.-naz. ml. 22,2 


ce a te 
2-1 Tunorpadun Vsgateapersa Axayemuu nayk CCCP. Mocxsa, Uly6unckn nep., 10 


Woxnayn AkagwemMun nayr CCCP 
1960. Tom 132, Ni 3 


MATEMATHKA 


A. APXAHIEJIbCKHH » 
O BHEWIHAX BASAX MHODKECTB, JIEXKAUIMX B BUKOMIAKTAX 
(ITpedcmaeaeno axademuxom II. C. Asnexcandpoevim 22 I 1960) 


Bo BceM jaJibHeHieM MpocrpauctBa X u Y 6OygzyT mo_npocrpaHcTBamu 
HeKOTOporO (UKCHpOBaHHOTO NpoctpaHcTBa R UW TepMHHbI «OTKPbITHIy, «3a- 
MKHYTHIAy OyLyT OOO3HaAYaTb «OTKPbITHIH B R», COOTBETCTBEHHO «3aMKHYTHIL 
B R». 

Onpeneneuuve |. Cucrema mHoxectB _ = {E,: «€A} mpocrpancrsa R 
HasbpipaeTCA pasfemAloumleH CHCTeEMOH Napbl NWpoctTpaucrTsB 
(X, Y), ecH WA KaxoH nappl Toyek xEX, yCY Hatyrca takue E,€y, 
Ee. ey, sT0re. ox, -Esoy wEeNEpSan: 

Ecam R HOpMaJIbHO, TO, KaK JerKO BUeTb, WMeeT MeCTO cueqyroulaA 

Jlemma 1. ITycmo 1 = {Eq: «€A} — pasdeastowaa cucmema napo (X,Y), 
COCMOALUAA U3 3aMKHYMoLX mMHoocecme, To2da cywecmeyem cucmema _% OMKPpot- 
Molx mMHOoceCmé, pasdersiouMjan napy (X,Y) u umewuwan my Ke moLHOCM., 
4mo u cucmema x. 

J(u MOKa3aTeJbCTBa JIEMMbI | JOCTaTOUHO B3ATb WIA KaxXJOW Napbl He- 
Tlepecekarouluxcad MHOKecTB E,, Eg, «, BEA, UX HeMepeceKaloulMecaA OKpecrT- 
HOCTH B pocrpauctBe R: Of u OF. B cuny HOpMaJibHOcTH MpocrpaHcTBa R 
9TO BCerya MOXHO cCjlelaTb. COBOKYMHOCTb OTOOpaHHbIX OTKDPbITbIX MHO- 


2KeCTB H OGpa3syeT TpeOyemylo cucTeMy ¥. 

Onpegeneuue 2, Ilycth (X, Y) — npousBombHaa Napa nog_mpocrpaHctTB 
HekOTOporo oGpbeMuoWero mpocrpancTBa R. Hasopem cucremy By orKpbl- 
TbIX MHOKecTB mpocrpasctsa R, 64a30H npocTpauctTBa X OTHOCH- 
TeJIbHO WpocTpaHctTsBa Y, ecu AA KaKAOH TOUKH xEX u smMOO0H ee 
okpecrHoctu Ox (B mpocrpauctse R) naligerca [,EB* taxoe, uro xél'y u 
IT. YCOx. Uacrupit cnysali: R= X UY. Ene Oonee vactHpima cayyaimMu 
ABJIAIOTCA: 

a) Ye= X; ‘torna Gaza By —6a3a mpocrpauctsa X; 

OVC; Torla By —suewnHaa 6a3a wupocrpancrsa X B_ mpoctpaH- 
etEeY; 

B) X[Y]=/; Torga B KayectTBe Be MOXKHO B3ATb CHCTeEMY, COCTOALLYIO 
u3 omHoro X. 

JlemMa 2. ITycmb y= ({E,: “#€A}—cucmema om«Kpolmolx mHoOdecme, 
pasdeasiouaan napy (X,Y), npuwem Y Oukomnakmno. Toeda cywecmeyem 
6a3sa npocmpaxucmea X omHocumerbHO npocmpancmea Y mou sce mownocmu, 
4mo u cucmema Y. 2 
' Jloka3aTeabcTBo. PaccMoTpuM cucTeMy y, COCTOAIMLyIO W3 BCeBOS- 
MO2KHBIX KOHCYHBIX MepeceyeHuii MHOXKeCTB cucTembl y. [loKaxKeM, 4TO 4 
oOpasyer 6a3y Mpocrpaucrsa X oTHOcuTesbHO mpoctpaHcTBa Y. IlycTb x; — 
MpOW3BOJIbHad ToUKa mpocrpancTBa X u Ox,jx,; — ee MPOMSBOJbHaA OKpecT- 
Hoctb (B R). Torga ®,=Y\Ox, ecTb samKHyToe B Y uM noToMy OMKOM- 
nakTHoe mMHoxecTBO. Jina KaxkJoH TouKH yED, HaeTCA TakaaA Mapa MHO- 
mectB A,, Cy, uTo Ax, Cyay, AyN Cy= A u AEX, CyEr. 

CoBokynHOCTh MHOxeCcTB Cy, re y mpoGeraer P;, OOpasyeT MOKpbITHe MHO- 


2KecTBa D,, H, B CHuly OHKOMMakTHOCTH ©, 43 STOO NOKPbITHA MO2KHO BbIOpaTb 
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KoneuHoe nognoKpbitue {Cy,,..-, Cy,}. Toraa gun mMHoxectsa Ax,= 1 Ay, 


BBINOMHeHbI caesyioume yenopus: Azx,€ 73 Axdx%1; An NY COx, (m0- 
cyleqHee Meer MecToO B cumy cooTHomeHuA (Ax, ) MY \ Ox, = Ax, 1 Or = A). 
JlemMa 2 jOKa3aHa. 

Jlemma 3. Iycms X CY =R; X — 6opeaeeckoe mnoocecmeo 6 Y muna 
Gz). Tozda mounocme cucmemol & = {G} ecex OMKpoIMblx MHODKCeCMe Npo- 
cmpancmea Y, ywacmeyrouux 6 OaXHOM npedcmasaenuu mHoscecmea X, HE 
npesocxoOumM 7% U OAA NpOUseOAbHOLX moueK XEX, y€Y \.X natidemca makoe 
GéX, umo x€G, YEG. 

O6a yTBepxK CHA JIeMMbI JIerKO JOKasbIBalOTCA NO MHAyKiwM (10 Ksac- 
cy mpencraBieHua MHoxectBa X). OrpaHuunmca joka3aTebCTBOM  BTO- 
poro yrBepxgeHux. Ilycrp X xkaacca >}. BosmoxHbl Ba cayuan: 
a) XU Xa; 6) X =f) Xe, THe Xe — MHoxmeciBa, SaqanHpie NpexeTare 

R a 


JICHHAMH Kslaccop <h. Torga cymiecrByeT Takoe #, TO x€X2, YER\ Xa, Uy; 
Tak Kak X, lpecTaBsleHO OnepaluamMaH Hay BCCEMH HAM HeKOTOpbIMu GEL, 
HO yxKe MO Kslaccy <<, TO cyujecTByeT, B CHJIy MHAYKTHBHOrO Mpelmouo- 
weHua, Takoe GEL, uTo xéG, YEG. 

Ha ocHopaHHuu JOKa3aHHbIxX BbILe TpeX JICEMM Mbl JierKO MosyyaeM joKa- 
3aTEJIbCTBO OCHOBHOH TeOpeMbl STOH 3aMeTKH. 

OcuoBuaa Teopema. Ilycme X C®, P—buKomnakm, X — Ooperee- 
cKoe mHoocecmeo muna Gz) 6 ®. Toeda us cyiuecmeosanusna cemu* npo- 
cmpancmea X motnocmu t 6olMeKaem cytecmBo6anUe BeNeHell Oa3ol NpoO- 
cmpancmea X 6 npocmpaxcmee WD, umeroujeli mY me MOLHOCMD Tt. 

Jloxa3ateuabctTBo. Paccmorpum & = {G*%}—cucTeMy OTKpbITbIX MHO- 
2KeECTB pocTpauctTBa MD, yuacTBYIOWMX B aHHOM MpeycTaBJIeHHH MHOXKecTBa X, 
Hw nonoxuM F* = O\ G*. MomHoctb cuctembl 7; = {/%} He mpeBocxoqUT t B 
cusy siemMpl 3. Kpome toro, B cHy TOH %Ke JIEMMbI, AA sOOOH Mapbl To- 
yek xEX, yEY \.X natigetca F*)y, F%jx. Haxkonen, sce F* cyTb 3aMKHy- 
Tble MHOKecTBa B M (Hv, 3HayHT, ONKOMMAKTHI). OOosHadMM uepe3 Y2 = {P2} 
CHCTeMy, COCTOAMLYIO H3 3aMbIKaHHi B @ 9sseMeHTOB ceTH MOILHOCTH< Tt 
mpoctpaHcrsa X. MomHoctb CHCTeMbI Yy, OYCBHAHO, He MpeBOCXOgUT 7. 

Cuctema 7 = ¥1 U Y2 COCTOHT 3 3aMKHYTHIX MHOKeCTB poctpaHctBa OD, 
MOLJHOCTb ee He IIpeBOCXOAMT t; B CHJIY CBOHCTB CHCTeM Yj H Yo CHcTeMa ¥ 
pasfeiaet napy (X, ©). B cuny semmpr | cymectByer cucTema OTKpbITHIX 
MHO2KeCTB Mpocrpauctna © TOM %*e MOM\HOCTH, KOTOpad Tak»%Ke pa3yessel 
napy (X,®). B cuny nemmp 2 cymectsyer 6a3a mpocrpaucrBa X B mpo- 
cTpancrBpe © ToH »Ke MOLIHOCTH, a B CHJIyY cooTHOMeHHaA XC@® 91a 6a3a 
OKa3bIBaeTCA BHellHeli Oa30H MpocrpancrBa X B pocrpauctBe ®. Teopema 
qoka3auHa. 

3 TeopeMbl BbITeKaloT CJleCTBUA: 

1. IIpH weppepbiBHoM oTOOpaxkeHuH Ha MpocTpaHcTBo Tulla Giy, B Ou- 
KOMNaKTe, B YaCTHOCTH Ha MO/IHOe MpocrpaHcTBO B cMbicme Uexa, Bec He MO- 
2KeT YBeJIMYATHCA. 

2, {na Toro uTo6bl MpocrpasctBo X Tuna Fig, rye ucxo_uble MHOxKe- 
ctBa / — KoMNMakTbI (MIM BOOOME MpoH“3BO/IbHbIe TpocrpaHcTBa co cuerTHO!t 
6a30ii), ObIIO MeTpH3yeMO, OCTaTOUHO, TOI OHO OpIIO THMA Gy, B HeKO- 
TOpOM OvKOMMakte PD X, mpnHuem Torga OHO camo MMeEerT cueTHy!o Oa3y. 

B 3aksiouenue aBTOp MpnHOcuT Tuy6oky!o OmaroflapHocrs Tl. C. Ane- 
KCaHAPOBY, MOj, PyYKOBOACTBOM KCTOpOrO BbINO/IHeHAa 3Ta pabora. 


Mockosckuit rocyapcTBeHHbIit yHUBepcuTer Ilocrvnusao 
um. M. B. Jlomouocospa 19 I 1960 
UWMTHPOBAHHAS JIATEPATYPA 
1A. ApxauHreabckuah, JAH, 126, N 2, 239 (1959). 


* Tlon cetpro (1) npocrpancrsa X monuMmaetca Taka cuctema DS = {A,} MHoxecTB 


STOO NpoctpanctTBa, uTO ANA mMOOOH TouKH xEX u moGol ee OKpectTHocTu Ox uafinetca 
Takde .A,G2; To xGA,-C Ox. 
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Jornann Akagemun nayr CCCP 
1960. Tom 132, Ni 3 


MATEMATHKA 


A. Jl. rAPKABH 
O MIPOCTPAHCTBAX JIAHEMHbIX OMEPATOPOB 


(IIpedemaenero axademuxom A. H. Koamoeopoeoim 29 I 1960) 


OcHOBHOH pe3ybTaT paGOoTbI COcTOHT B OKa3aTeJbCTBe Toro, 4TO Upo- 
CTPaHCTBO JIMHeEHHBIX ONepaTOpOB, OTOOParKaloulNX OHO OaHaxoBo MpocTpaH- 
CTBO B [pyroe, ABJIA€TCH CONPAKeHHbIM IIpOCTpaHCTBOM™, eCJIM IpOcTpaHcTBo: 
06pa30B — Comps xKeHHOe MpocTpaHcrBo (Teopema 2), 

Ilyctb E —conps>xenHoe GaHaxospo mpocrpancrBo. Uepes “E mpi o6o- 
3Ha¥aeM OaHaxoBo mpocrpaHcTBo (BoOOOWe TOBOpA, Hee HHCTBeHHOe), K KOTO- 
pomMy compsxxeHo FE. B octalbHOM Mb Ilpuyep2KHBaeMCA OONICMPHHATHIX 
oOo3HaueHnit, 

‘Cyeqyioulax TeopeMa, urpatollad B WabHelilIeM BCIOMOTaTebHYIO pOub, 
TipeycTabsiAeT HW CaMOCTOATeJbHbIN HHTepec. 
| Teopema 1. JIycmoe E, («@A)—wHekomopoe cemeticmeo OaHaxo6olx 
| npocmparxcme u E — ux Oexapmoeo npouseedenue, 6 KomOpoOmM e6edeHa HOpMa 
UF = sup || Fe thew 20e F,—a-a Koopodunama anemenma FEE. Ecau 

a 


Kaocdoe E.—conpsoceHHoe npocmpaxcméo, mo npocmpaxcmeo E seasemca 
CONpAMeHHLLM K Npocmpancmey “E, aaemeHmMamu KOMOPOeO sAGASIOMCA Bce 
ps0ol euda 


o— a OAS KOMO polx >| | Fa, lltEo OG, (1) 
k=1 


k=1 
Coe tne A, fa€ Lay. 
IT pu amom 


co 
a] ' 
| = 
! Pllez, a >» ice Bap 
fea Y 
CorsjacHo Kputepuio Auaorny(*), QA WoKasaTeibceTBa compsxeHHOcTH E 
jocTaTOuHO TlOKa3aTb, UTO B IipocrpaHcTBe E*, conpsxeHHoM kK &, cyulecr- 
ByeT MHOxKecTBO |’, yOBJeETBOpAIOIee YCOBUAM: 
1) [ rorambuo, T. e. ecnu o(F)=0 ana Kaxgoro ¢€I, To Fog, 
2) JIuneftHaa o6on0uka [;, muoxectsa I’ AyKcvasbHa, T. e€. WIA Kar Oro 
FEE pspinouHaAetca COOTHOMeHHEe 


|F || =sup 2! (94-6). 


oer, |! Pilz : 


3) Egunuunaa samKuytaa ciepa Sg mpocrpanctsa E OukommakTHa B- 
rononoruu o(£,1T), 7. € Tonosoruu, up KoTOpol okpecrHocTH TouKn fo. 
3alaloTcA HepaBeHCTBaMH: 


RoR Fe) ere re Is ee OA) (in oe)! 


* T. @. TlpOcTpaHCTBOM, CONPA2KeHHBIM K HEKOTOPOMY IIpocTpaHcTBy Banaxa. 
A9T 


IIpu BpinomHeHuu STHX ycoBHH mpocTpaHcTBo E OKasbiBaeTCA COMpAxKeH- ¥ 


‘HbIM K 3aMbiKanuio I’; MHoxectBa [, B metpuKe E*, 
Mp 110Ka3bIBaeM, YTO B KayecTBe MHOxKecTBa I B HaleM CJly4ae MOKHO | 


B3ATb MHOXKecTBO (byHKWMOHaoB Buta 9,, f,(F) =f, (Fa), THe EA, a fant 


TipoGeraeT MHOKeCTBO BCeX 9JIeMeHTOB MpoctpancrBa “E, C Eq. I1pu nposep- } 
Ke ycCloBuaA 3) Mbl omMpaemca Ha Teopemy THxoHOBa O OHKOMMAKTHOCTH | 
‘TONOJOPHYeCKOTO MpOH3BeAeHHA OMKOMNAKTHBIX MpOCTpaHcts. 

Cneactsue. JT pocmpancmeo OelicmeumenoHolx oO2panudeHHolx Ha OM- 
pesxe [0, 1] dynxyuii a(t) c nopmoii |\>|| = sup |>(t)| conpsoweHo K nodnpo- 

0<t<1 
cCmpancmey npocmpancmea dynkuyull oepanuKeHHol eapuayuu, Cocmosiuemy 
us GyxnKyutl cKaukoe, OOpatwarluuxca @ HYNo 6 mouxe O u HenpepbleHolx 
Cnpaea 6 KascOol enymperHeli mouke ompeska [), 1] *. 

Teopema 2. Ilycmo B=B(X-+Y) ecmoe npocmpancmeo aunetinelx > 
onepamopoe, omobparcarowux Oanaxoeo npocmpancmeo X 6 OaKaxo6o Nnpo- 
-ccmpancmeo Y. Toeda, ecau Y —conpsocennoe npocmpaxcmeéo, mo npocmpan- 
cmeo B seasemca makoce CONPAMHKEHHOLM. 

Ilyers E—mpocrpanctBo orpanuuenupix dynkuui F (x), 3afaHHbix Ha 
ejuHnuHo ciepe Sx co 3HayeHHAMM B IIpocrpaHctBe Y u c HopMoli || F || = | 
= sup || F (x) |ly. ico, uro npocrpancrso B 9kBuBasIeHTHO MosmpocrpaHcTBy Bo 

n€Sx 


mupocrpanctsa E, cocrosmlemy u3 cyxKeHHH 7) JMHeHHEIX onepatopop T€éB 
Ha cdepy Sx. Ilockonupky E mpunagiexUT THITY MpocTpaHcTB, paCCMOTPeH- 
HHEIX B Téopeme | (uipy A=Sx <Wewe Sy, Fe=7 @)P Es) 1o ee 
CONpAxKeHHOe WpocrpaHcrBo, JliaA WOKasaTebCTBA COMPHAKeHHOCTH MOAMpO- 
cTpaHctBa By OcTaTouHO NoKa3aTb, corsiacHo pesyibtatam M. [ Kpevna u 
B. B. lUnmyapsana (*), uTo equHuyHad cepa Sp, peryApHO BbINyKJa, JIM, 
uTO TO *%Ke CaMOe B 9TOM CJIyuae, OHKOMMAaKTHa B ToNONoruN o(E, “F). IIpu 
9TOM, KaK yKa3aHo B TeopeMe 1, Mbl MOXKeM paccMaTpHBaTb “E C E* Kak 
3aMKHYTYIO JIMHEHHY!O OGom0uKy MHOoxecTBa IC E*, coctoauero u3 pyHK- 
WHOHAJIOB Oy, 7, HMCIOWWMX BU ox,¢(F) =f [F(x] (FEY, x€ Sx). Monp3yaca 
TOTAJIbHOCTbIO MHOxKeCcTBa “Y (oTHOCUTebHO Y), MO2KHO NoKa3aTb, uTO Sz, 
SaMKHytTa B ToNOJoruH ¢(£, I). Ho, Kak cnegzyet u3 pe3ymbTaToB Anaoruy (+), 
ronosiorna o(£, I’) copnagaer c Tononorvuei o (EF, “E), u nocKompKy Sz, Upu- 
HaqexuT ccepe Sz, OAKOMMAaKTHOH B ToNONorHM o(E, “E), TO Sg, B cumy ee 
3AMKHYTOCTH B 9TOH TOMOJOrMH, TaKXKe ABJAe€TCA OWKOMIIAKTHbIM MHO2KECT- 
BOM, CyleqoBaTeIbHO, UpocrpancTso By usu, YTO TO *Ke CaMoe, MpocTpaHcTBO 
B ABIAeTCA CONPHAXeCHHBIM. 

Sameuaunne, Mcnonmp3ya pesyabtatbl padorbi (7) u yunTbIBad MpejcTaB- 
jeune (1), 3aksiouaeM, 4TO pocrpancTrBo *“B SKBUBaJeHTHO dakTop-mpo- 
eTpaucrBy “E/, Bo, rae Bo — anHyaTop nognpoctpanctsa By B mpocrpan- 
cTBe “E, a KaxkKIbl peryApHbIM dbyHKUMOHa o Ha Mpocrpanctse B(p€*BC 
Cc B’) npeycraguM (Hee HHCTBeEHHBIM O6pa30M) B Bue 


o(T)= Dife(Tx) | Dilfellev< oJ, (2) 
k=1 k=1 


rae ,EY, eC Sx, 1B. 

Colps2KeHHOCTb NpOCTpaHCTB OMepaTopoB paccMaTpuBaemoro THIIa ObecrIeuH- 
BaeT CYH[CCTBOBaHHe PelleHHH PAJja 9KCTPeMAJIbHbIX 3alay B STHX IIpocTpaHcTBax. 
YkaxkeM, B UaCTHOCTH, CJleqyloulNe JBe TeopemMbl, 

Teopema 3, Jus smbot oepanuiennott dyxKyuu F, sadannoti na edu- 
AuMHO ciepe Sx npocmpancmea X CO SHa4eHUAMU 6 COnpAsKeHHOM Npo- 


* QTO npeANORKeHHe MO CyUkecTBy BbITeKaeT TaK2Ke H3 pesybTATOB paOoTEI Ce 
/ 
£98 


| 


empancmee Y cywecmeyem O6auorcatimuti aunetinoui onepamop T*€B= 
= B(X-—Y), m. e. maxoii onepamop T*, «mo 


sup || F (x) — T° (x) lly = inf sup || F(x) —T (3) |. 
xES x TEB x€Sx 


Teopema 4. [Tycmb {x,}—npoussoaenan nocaedoeamerbHocmb 3aAeMecH- 
moe npocmparcmea X, {Yn} — 0epanudeHHad nocrzedoeamMeAbHOCMb IaNeMeHMos’ 


cOnpsAoKeHHO2D Npocmpaucmsa Y u S'S — mHoseCMBO AUHELNELX ONepamopos 
TEB=B(X-—Y), nopmol komopelx ozpanuuieno: wucnom K. Cywecmeyem au- 
HeliHolli onepamop T*€S5, peanusyrouut nauayuuee @ cmolcae Yedoiuueea 
NpuoAUHCeHHOe pewlenue (HeCcoBmecmMHoOl) CuCMeMbI ypaeNeHuti 


Tx =a Ma, npu ycaoeuu ||T \lIpa<K, 
m. e. maxotl onepamop T*, umo 


sup || T°%2 — Ya|ly = inf sup || 7x2 —~ ya lly. 
i tess 2 


OrmMeTHM TaKKe, UTO Ha MpocrpancrBa omepaTopoB paccmaTpHBaemoro 
THMa N€peHOCATCA pe3yJIbTaTbI aBTOpa O CYWIeCTBOBaHHH Hansyumeh N-cetu 
M Hausyumero N-nonepeyHuka orpaHHyeHHOrO MHOKeCTBa B COMpPsAyKeHHOM 
mpoctpauctee (4). 

HanomuuoM (cM., Hanpumep, (°)), uro caa6yio TONOJOrMio MpocTpaHctTBa 
B=B(X-—Y), Kak lpocrpaHcTBa onepaTopos, olnpesemst0oT Kak TOMOJOruIO, 
Mp KOTOpoH OKpecTHOCTb TOUKH Ty) 3ajaeTCH HepaBeHCTBaMU Ba 


Pel TA Tyra) ae laa SPD, can ST =), 


mye x, 6X, frEY" 

M3 cKa3aHHOro BBIIIe, TAKHM OOpa30M, BbITeKaeT, UTO B CIyyae pecpseK- 
CMBHOCTH Ipoctpauctsa Y tonogorua o(B, “B) cosnagaer co cma6o Tono- 
jorvei mpoctpauctBa B kak mpocTpaHcTBa JHHeHHEIX onepatopos. Ilostomy 
MMeeT MeECTO 

Teopema 5. Ecau npocmpaucméeo Y peqaexcueno, mo npocmpancmeo 
AUHeUHbLx onepamopoe B(X —Y) caabo noano, a eeo eOunuunaan caepa caabo 
Oukomnakmuna cm. (makoe (*)). 

Teopema 6. Ecau npocmpaxcmeo X cenapaberaono, anpocmpancmeo Y 
pePAaeKCueHo UAU CONpAMKeHO K CenapabeAbHomy Npocmpancmey, mo eduAu4- 
Han cepa Sg npocmpancmea aunelinolx onepamopoe B(X — Y) cekeeryuaro- 
HO KOoMnaKmHa @ mononoeuu o(B,*B) (a 6 Cayuae pedaeKcueHocmu Y —u @ 
cnaboti mononroeuu B, Kak npocmpaxcmea onepamopoé). 

Ha conpsxKeHHble MpocTpancTBa JIMHeHHbIX ONepaTOpoB paciipocrTpaHsAertca, 
pasymeetcs, Teopema Kpettya—MusbMana 0 coBnayeHuu peryJApHO BbIMYyKJIO- 
TO OFpaHHYeHHOrO MHOXKECTBa C peryJIAPHO BbINyYKMOH OOOMOUKOM ero 9KCT- 
peMaJIbHEIX ToueK (°). Tlomb3yacb STOM TeopeMoH MU YUMTHIBAaA Mpescrapsenne 
(2), TlomyuaemM culeqyrIoujee Mpedso-KeHHe: 

Teopema 7. 1) Ecau npocmpaucmeo Y conpsscennoe, mo Ors «sro60z20 
onepamopa T, npunadsescatyezo eOunuunot ciepe Sz npocmpancmea B(X —Y), 
u npouseoronolx x&X u f&*Y cnpasedaueo coomnowenue 


f(Tx) =\f (Fx) dur ©), (3) 

R 
20e R— mnooecmeo aKCMpemanoHolx onepamopoe T eOunu4nott ciepol SB; 
wr (€) — HeKOMOpaA HeompuyamencHan addumuseHan GbyAKYyUA MHOscecméa 


€CcR maxas, umo pr(k) = 1. 
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2) Ecau npocmpaucmeo Y peqraekcueHo, mo Oan Kasxcdoe0 uKcupoean- 
Hoeo x@ X muoowecmeo ecex mouex {Tx}, TE@Sp, coenadaem c samKHymott 


eolnyKaoti o6oaouKoli mouex {Tx}, ede TER, u Oaa Kaocdo2e0o TESp u xEX 
umeem mecmo Ccoomnotlenue 


TH \ Tx dr (e), 
R 


20e uAmeepaa noAnumaemca 6 cmoicae Ilemmuca — Cmuaomoeca, m. e@. 6 CMbICAE 
BbINOAHeHUA pagercmea (3) Oan Kaocdoeo FEY. 

Kak culenyer 43 Teopempl 2, KJaCC COMpsA2xXeHHIX MPOCTPaHCTB JIMHeHHDIX 
OMepaTOpoOB OKa3bIBaeTCA BeCbMa INMpOKUM. B cBxA3H C 3THM HHTepeCHO OT- 
MeTHTb, UTO Ceolicmeom peddaeKcueHocmu He OOAAOaem OasKe nNpocmpaxHcméo 
AUHEUHOLX ONepamopos, Oelicmeyrouux 6 CenapabeAbHOM euAoBOEpmocom Npo- 
cmpancmee. 

Bpipaxkaio OularogqapHoctb C, Bb. Creukuny 3a mocTaHoBky 3ajjauv, pac- | 
CMOTPeHHOH B padoTe. 


Matematuueckuit MHCTHTyT um. B. A. Creksoga 5 TocrynHua0 
Akazemun Hayk CCCP 22960 


WMTHPOBAHHAS JINTEPATYPA 


1L. Alaoglu, Ann. of Math., 41, 252 (1940), #® A. Tl. Aptemeuxko, Martem. 
cOopH., 6, 215 (1939). 3 M. G. Krein, V.A.S mulian, Ann. of Math., 41, 556 (1940). 
4A. JI. PapKasu, YMH, 15, 2 (1960), ®9. Xuaa, ®ynKuvonanbubli ananu3 & 
no1iyrpymns, WJI, 195!. © M.G. Krein, D. P. Milman, Studia math, 9) lea 
(1940). 7M. M. Day, Trans. Am. Math. Soc., 51, 583 (1942). 
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WTornagan AkagemMun nayr CCCP 
1960. Tom 132, Ni 3 


MATEMATHKA 


A. E. TEJIBMAH 
TEOPEMbI O HEABHOHW ABCTPAKTHOHW AHAJIMTHYECKOH ®YHKUU 


(Tpedcmaezeno axademukom B. H, Cmunnosoim 28 I 1960) 


IIyets Y, @M nu Z—kKommuekcupie 6aHaxoBbl mpocrpancTBa. Byem Ha3bi- 
BaTb 3aJaHHy!0 B OOslacTH D mpoctpauctsa Y xX WM dyxHKuuIo Q(y, ¢) co 3Ha- 
geHuHamu BZ aHanUuTHUecKOH BD mo NepeMeHHHIM Y HU o, eCIM OHA 
OJHO3HauHA, HelpepbiBHa Kak (yHKUMA TOUKH (Yy, >) * Hu G-quddepenun- 
pyema** no y uno ¢B D. , | 

Pa3pupan Hew MoHorpadun ('), MoxXHO MWOKa3aTb, YTO aHaJIMTHYeCKaA 10 
TIepeMeHHbIM Y HM © B Cosepxatlei TouKy (0, 0) oOmactu mpocrpanctBa Y «x @ 
oyakuua Q(y, ¢) NpeqcrapuMa B Bugle F-creneHHoro psaqa 


(yy @) dy PG? = Dl Pay 
z,j=0 £,j=0 
rye KEK 
(oO) & a al P 
Pip = P3; (y, 9) = act al Q (Cry, Cop) | tio 


B HeKOTOpOM HemycTol OTKpbiTo ABoxKol **** C-3Be3ne BoKpyr (0, 0) B npo- 
crpanctpe Y <x @, mpwuem cyllecTByeT NOHad JBOAKOKpyroBan OOsacTb K 
c uentpom B (0, 0) (a «a6comoTHOH ueTBepTbIIIOCKOCThIO» Kacc) TaKaA, 4TO 
mpu (| yl, le|l)€ Kase stor F-creneHHok psa CXOQUTCA aOcoJOTHO. 

Ilycrb y (p) — byHKuMA, avasMTHYeCKas B HeKOTOpOH copzepxauelt 0 o6nacTH 


mpocrpauctBsa © co 3HayeHuamMH BY; y(¢) = y y,(~) —ee F-crenenHow pay 


‘ 7—0 
VY {a;} — MHO2KeCTBO HeOTPHMaTeJIbHbIxX QHCeJI TaKHX, UTO lly, || <a. Ecamu 


co 
pad x (A) = Dita uMeeT HeHyJIeBOH palwyc cxoyMMocTH, OyyeM TIMcaTb 


z=0 
y (0) <x(h). Ananorvuno onpesesuM CHMBON <M WIA anamMTHuecKAx (PyHK- 
UH JIBYX TepeMeHHBIX, a HMeHHO Oyyem mucaTh Q(y, 9) F(x, h), ecan 
co co 


Qy, 0) = >d) Piuly. gs FN = Dy ax uw sup (| Pu (ys DI 
», ioe 


a ani=0 lyll=1, ilell=1 
ya 
= || Pi 1 <= Ajj. 
* 3a nopmy B Mpocrpanctrpe Y x @M mono, HanpuMep, MpHHATh || Y, $ |lyym = 


=Vilvi2 +i elle. 


** Snecb H Jalee Mbl ynorpeOaem TepMunonoruiw 9. Xusua (2). 
*** Jlerko BHfeTb, TO P;; (y, ©) —HempeppiBuble B Y XK M ofMopomHpie MO y UY 
NOJMHOMBI (MopayKa i m0 y MU HopsyKa j M0 9). 

*##* TlpoakoH C-3Be3q0H BOKpyr (Yo, Qo) Mb 3eCb HasblIBaeM MHOMKECTBO TONCK 
LCY xX, yqosnersopsomee ycnosunm: 1) (Yo. Go) GL; 2) us (¥, 9ELu lS |<1, 
[G2|<1 cnemyer [Yo + C1 (Y— Yo), Po + Sa (9 — o)] € L- , 
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Jlemma |. Mycmo: 1) y(¢)<x (A); 2) x(0) =0; 3) Q(y, P)SF (x, A). 
To20a 


Q ly (e), P]< F [x (A), A]. 


Jlemma 2. ITycmo: 1) F(x, )= > a,x’ — pad, cxoOntyutica 6 HeKO-¥ 
i,j=0 | 
mopott noanoti OeonkoKpyeosott obOaacmu K c yermpom 6 (0, 0); 2) az; >039 
a = Qo = . |) 
a Tozda cytwwecmeyem codepocauman (0, 0) o62acme S 6 npocmpancmée KoM~ ¥ 
NACKCNOIX NePeMeHHdIX xX, h u eOUNCMeeNHAaA Pynkyusn x(k) makaa, 4mo np} 
(0, ES: 1) (4) = FLxQ), Ms 2) [x(), NES. 
ITpu amom: 1) x (4) —anaaumuueckan 6 oKpecmxHocmu 0 @yAKyUuA: 


a(S See hr ay] 


2) a; > 0, a) = 0; 3) paduyc cxodumocmu pada (1) onpedeasemca dopmyaot. * 


As suph i 
x>0,(x,0)EK 


20e X Uh CeABANbI YpaeHeHuem x = F (x, d); ecau F (x, 4) == F (0, d), mo pad (1) 
cxodumcsa makorce npu r= A; 4) 3a o6aacme S * moocem 6olmo npuHAam O60AKO- } 
Kpyeoeo yuaundp |h| <A, |x| < x(A). | 

Teopema 1. /Zycme: 1) Q(y, ) — dynkyua, aHaaumuveckaa no nepe- } 
MeHHbIM Y U ~ 6 HeKOMOpOK OOAAcCMU Npocmpancmea Y X DM, codepoKauuelt 
mouxy (0,0), u co snavenunmu 6 Y; 2) Phy) = PO) =0. 

Tozda cywecmeyem codepocauaa mouxy (0, 0) o62acmb D npocmparncmea 
Y x © u eduncmeennan dbynKyun y(~) maxkasn, umo us (0,0)€D caedyem: 
1) y(¢) = Q[y (9), es 2) Tye) el ED. 

ITpu amom: 1) y(¢)— @ynkyua, anaaumuueckaa 6 HeKOMOpott codepoca- 


co 
weti 0 o6aacmu npocmpancmea WY; 2) ecau F (x, h) = » i PY Lx ae Ce 
Z,j=0 
— aHanumuuecKoe pewlenue ypasHenusn x = F (x, h), yOoenaemeoparoiuee YCACBUIO 
x(0)=0, mo y(9)Sx(W). 

Cuenersue b. (0) == 0, 

CueactBue 2. Orkppiraa C-3pesqa Boxpyr 0 B ®, rye dyHKuuA y (¢) 
Mmpe€fcTaBuMa B Buse F-cTemeHHoro psa, cofepxut chepy |j¢e||< A, rae 
A —paguye cxoyumocTu pxfa x (A). 

CueactsBue 3. 3a oOnactb D Moxer 6biTb, HaMpHMep, IpHHATa DBOAKaA 
C-3pe3qa Bokpyr TouKu (0, 0): |je||< A, ||y|| << «(A). 

CaenctBue 4, CymlecTByeT €MHCTBCHHOE HelpepbiBHoe B ToUKe 0 pemieHue 
ypaBHenua y = Q(y,¢%), yoBneTBopsiomee ycnoByio y(0)=0; ono 6yzer 
aHa/IMTHYCCKHM, 

TeopeMa OKasbIBaeTCA MpHMeHeHHeM siemM | u 2 H TOcTpoeHHeM MaxKO- 
paHTHOTO psiza. 


Teopema 2. Ilycmo Y — KoneuHo-omk poimoe MHoocecmeo 6 Y, codep- 
acauee 0; MD —neKomopan oKkpecmxocme 0 6 npocmpaxcmee MD u (y, ~) — 
(bynKyua co sHavenuamu 6 Z, sadaHnaa @ YX @D u yOoeremeopsaroiyan YyCAro- 
eusm: 1) Q(0, 0) =0; 2) Q(y, o) G-dudeperyupyema no y @ mouxe (0, 0), 


* JIerkO BUJeTb, uTO HaH6oubwan U3 OOmactet S ectb COBOKYNHCCTb ECeX TOUeK (x, A), 
ydopnetBopatomux ycnopuam |A| <A, |x|<x%2(/A|), rae x2 (A)—BTopoh KopeHb ypaB- 
HeHuA x =F (x, A). (Ypapnenne x= F (x, A) umeet, BooOme ropops, npn |A|<A apa 
Kops. Mckmountenbubim aBanetca cayual, Korga F (x, A) He 3apucuT oT x; B STOM cayuae 
cHeyeT MPHHATb x2 (A) = + oo.) 
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nputem aunetinoui onepamop I = Q, Pe) 8) CL cea Y na Z, umeenr 
depanudennolti o6pamunoui I*; 3) Q,(z, 9) = Q( +z, ©) — mynxyua, anaaumu- 


| 4eCKaA NO NepeMeHHbIM Z LU © 6 HEKOMOpOti codepocatueti mouky (0, 0) o6racmu 
npocmpancmea Z x O. 


Toezda cywecmeyem codeporatuaa mouxy (0,0) o62acme npocmpancmea 
Y x ® wu eduxcmeennaa dynkyun y(¢) (co snauenusmu @ Y) makaa, amo us 
(0, e)€D caedyem: 1) Qy (¢), p1 = 90; 2) [y, (9), Pl ED. 

ITpu amom: 1) y(¢)— a, AHaAUmMUUeCKaA 6 HeKomOopoti, codepoca- 


wei 0 o62acmu npocmpaxcmea ; 2) ecau F (x, ) = >) || PSP || x! u x0) — 


QHAAUMUYECKOE pewleHUue ypaenenusn xX = 1/5 F (x, d), VOdeienibop neice YCAOBUIO 
x(0) = 0, mo y(9)<||1™“* |] x (A). 

Teopema 2 umeeT pa cleAcTBHH, MOZOGHbIX CuleqcCTBAAM TeopembI 1. 

Teopema 3. Iycmo: 1) Y —Hexomopoe aunetinoe MHO2000pasue npo- 
cmpaxcmea Y, seasiouyeeca obaacmoto sadanun dynKyui L(y), A(y), ©(y);. 
2) L(Y) CZ, A(Y)CO,o@(Y) CZ; L(0) = 0; A(0)=0; 3) eywecmeyem edun- 
| cmeennasn cbynkyusn y= B (2,¢) co 3navenusmu 6 Y , yOoeremeo pAIOLUaA Y pAaBHEHUAM 
L(y)=2, A(y) =} Ona aHaaumuuecKkaA no nepemeHHblM ZU Me HEKOMOpott 

codepacawueti mouxy (0,0) o62acmu npocmpancmea Z x DM; 4) wB(z, ~) — 

PynNKyUuA, ANAAUMUYEeCKAA NO Z U  B HeKOMOPpoti Codepacatyeli mouxy (0, OP 
o6n2acmu npocmpaxcmea Z x @, npusem PO?) — P&P) — 0, 

Toeda cywecmeyem codepacaman mouky (0, 0) o62aemo D npocmparcmea 
Yx@ wu eduncmeennan ynkyua y() (co sHauenuamu 6 Y) maxaa, «mo 
us (0, ¢)€D caedyem: 1) L{y(gl=oly(e)], Aly@l=¢; 2) ly), PlED 


ITpu amom: 1) y(~)—q@ynkyua, axanaumuueckan @ HeKOMOPpoOli Ccodepoa- 
wett 0 o62acmu npocmpaxrcmea DM; 2) ecau 


P(e N= Dy Pirie sian) > || Pap ee! 
k.j=0 t,j=0 


u x(k) —ananumuu4eckoe petuenue ypaeHenun x = F {x, d), yooeremeoparower 
ycaoeuio x(0) =0, mo y(¢)<f [x (A), XM. 

TeopeMa MMeeT CJIEACTBHA, MOJOOHbIe CeACTBHAM Teopem | xu 2. 

M3 kauecTBeHHOH uacTH Hallvx TeOpeM CJIeyIOT KJIaCCHYeCKHe TeOpeMbI: 
Beveplitpacca 0 HexBHOM aHasMTHYecKOH cbyHKunH; FlyaHKaps o pa3moxe- 
HHA B px M0 cTelneHaAM MapaMeTpa pelleHuaA AuddepenuMadbHoro ypaBHeHHsA; 
JIATYHOBa O TOMOMOPHOCTH pelleHHA CHCTeMbI Au(pPpepeHuvaJIbHbIX YpaBHeHHH 
M10 HavaJIbHbIM YCJIOBHAM, a TaKKe pAQ Apyrux pesy/IbTaTOB (B YaCTHOCTH 
pesyibTaTb! Tunpge6panna u Tpetipsa (?)). KoumuecTBeHHad uacTb TeopeM 
NO3BOJACT OWCHUTh OGIACTH CXOJMMOCTH HM OCTATOYHbIC WIeHbI PAXOB MIA BCeX 
N€pevHCJICHHbIX BbIIe, a TaKKe [JIA MHOTHX Jpyrux HeJIMHeHHBIX MmpoOwem. 


JleHHHrpagCKHH SIeKTPOTeEXHHYeECKHM UHCTHTYT Tlocrymua0 
um. B. MW. Yapauosa (Jlenuna) 23 XII 1959 
IMTHPOBAHHAA JIMTEPATYPA 


19. Xuan, OynkunonanbHbi axamM3 uv nonyrpynnp, VWI, 1951. *% T. H. Hil- 
debrandt, L.M. Graves, Trans. Am. Math. Soc., 29, 127 (1927). 


* Ha onepatop J TpeOopanne orpaHHyeHHOCTH He HaJlaraeTea.. 
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Jloxxann AxkanemMun nayx CCCP 
1960. Tom 132, Ne 3 


MATEMATHKA 


10. H. )KYPABJIEB 


O HEBO3MO)KHOCTH TOCTPOEHHS) MAHHMAJIBHBIX 
JIM3bIOHKTHBHbIX HOPMAJIbBHbIX ®OPM ®YHKUMM AJITEBPbI 
JIOTHKH B OJHOM KJIACCE AJIFOPHTMOB 


(IIpedcmasaeno axademuxom C. J]. Codoaeeoim 12 I 1960) 


AJTOpHTMbl = YMpOULeCHHA MSbIONKTHBHbIX HOPMAJIbHDIX (OpM (J. H. @.): 
MO3BOJIAIOT BbILEUTb BM HEKOTOPble KOHDIOHKILMH, He BxXOAAMMe BM, .,, WH OTMe- 


THTb HEKOTOPble KOHDIOHKUMH, BXORAuMe BM, ,,. BooOuse ropops, BR cyure- 


CYBYIOT KOHBIOHKIMH, JIA, KOTOPbIX HE ylaeTCAH NOJYYMTh MHPOpMallHIo 
© BXOAJCHHH WIM HeBXOKJeHHH UX B N,,,,. EcrecrBeuHo nOcTaBuTb BOTpoc, 
cyllecTByeT JIM JocTaTOUHO a(pPeKTHBHIM aJIFOPHTM, NOSBOMAIOWLYH II BCAKOM 
raph (%, ®), roe M—coKpaujennan W..H. (:)., W— KonpiwonkunA us MR, yecra- 
HOBHTb: cogepxKuTca Y BR, WIM He coxepxKuTcA. POpMabHO 9Ta 3ayaya 
jonyckaeT CJIeLyIOWly!O MOCTaHOBKy *: 

Sanaua M. Yka3aTb anroputm A, NopoxKJeHHbI (PyHKUMeH ~, TaKOM, 4TO: 
1) ecu © MOHOTOHHA, TO OOpa3 IIpOH3BOJbHOM CoKpaleHHOH J. H. cb. MB amro- 
putme A He COJepKUT KOHBIOHKUMM C OTMeTKOH (0); 2) ecH @ HeMOHOTOHHA, 
OH XOTS Obl OAHH H3 OOpa30B MPOW3BOJIbHOM COKpalleHHOH 7. H. cb. MR B auro- 
putme A He cOlepsKHT KOHBIOHKUMH C OTMeTKON (0). 

Oxkas3blBaeTca, UTO B Kslacce aJITOpHTMOB, He HCMONb3YIOUAX B TOM HIM 
HHO (popMe 3HauHTe/IbHOrO TepeOopa, safaua M Hepaspeuimma. Llenpio na- 
CTOAMCH 3aMeCTKH ABJIACTCA JOKa3aTeJIbCTBO STOTO (akTa. 

Kaxyomy asropyrmy Au Jy. H. qc. M MoxKHO comocTaBHTb NocJeloBa- 
TebHocTh §, My,..., RM, Takyzo, uro: 1) A nepeBogur mocnefopatenbHo MN 
BM,..., 2%. B ®.3 2) coceyqHHe uNeHbI MOCTesOBaTebHOCTH OTIMUAIOTCA 
OTM€TKAMH pOBHO Hal OJHOM KOHNbIONKUMel; 3) ecH anropuTm A nopox eH 
MOHOTOHHOK (pyHkuvei o, TO ©, ectb o6pa3 a.H.c. M B anropntme A; 
4) ecm asroputm A mopox eH HEMOHOTOHHOK (PyHKunel 7, TO M,,..., Ry CyTb 
Bce OOpa3spl 9. H. :—). M B anropurme A. 

Anropu™ A Ha30BeM JON YCTHMBIM, eciH Y% u MpoMsBOAbHOM JonycTu- 
MoH go. H. (). ® coorBercrByeT NoceqOBaTebHOCTh M,,..., MN, H3 AONyCTUMbIXx 
I. H. —p. DyHKuMIO Y HasoBeM JON YCTHMON, ecm Bce aIropurMbI ynpomenna, 
NOpox*KtenHble (yHKUneH ~, MonycruMpl. B fanbHelitiem MbI 6yem paccma- 
TPHBaTb TOJbKO JOMYCTUMbIe (PyHKIHH. 

BreyeM HHAYKTHBHOe NOHSTHE TlaBHOl OKpecTHOCTH k-ro MopaAsKa KOHBIOHK- 


LM of) BH. ®d. RT raBHoh okKpecTuocTbio nepBoro nmopsayKa 
S,(U, 2) konbonKkuun YW Bx.u.c. NR wasoBem coBoKynnocth Bcex 
TakKMX KOHDIOHKIMH us ®, YTO cooTBeTCTByOMIMe UM MHTepBasb (2) UMeIOT 
Henycroe Mepeceyenue c HHTepBasioM Ny. Ilycrb ompezenena riaBHas oK/pect- 
HocTb (k—1)-ro nopsyqKa KOHDIOHKLNH Weoau.d. ®. Tnasuot oKpectT- 
HocTbio S,(U, N) kro mopaaKa KonbwonKuun 9” Badu. cp. M 


B uacrosmel 3amerKe bl Gy2eM Moab30BaTbca TepMuHOsOrveli um O6Oo3HayeHUAMU 
Halen 3aMeTKu (1). 
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Ha30BeM COBOKYIHOCTb BCeX KOHBIOHKUMH YW) us M, WA KOTOPbIX BbIMOAHEHO 
OHO M3 CJIe€AyIOWIMX ycOBHH: 1) HHTepBa, COOTBeETCTBYIOINMMH KOHbIOHKUHH 
yi, umeer Henycroe nepeceyenue c HHTEpBaJIOM, COOTBETCTBYIOUIMM KOHBIOHK- 
uuu us S,_, (4, N); 2) HHTepBauI, COOTBeTCTBYIOULMH KoHBIOnKUNU YY, collep- 
XKHTCA B CYMMe HHTepBaJIOB, Kak OMY U3 KOTOPbIX COOTBETCTBY€T KOH bIOHKIMA 
u3 XM, yAoBNeTBopsiomjaa ycuoBuio 1). 

Ouesunno, M [S,(%”, N]C MIS, (%”, M] CS... CMS, (Y”, KN]. Tyerp 
oOaCTh ONpenesenuA (yYHKUHH | — eCTb CHCTeMa OKpeCTHOCTei, IpH4eM KaxK OH 
nape (Y?, N), roe WORN uw N— HONYCTHMasc J. H. (=):, CONOcTaBseHa OKpeCcT- 
Hocth S (4, N). Oynkuna @ WMeeT uHeKc k, ecu: 1) qua BeaKkol nape (%”, N), 
rie 9” C®, BpimomHeHO cooTHoMeHHe M [S (ag, )] CM [S, (4 N)]; 2) cymue- 
erpyer napa (4, N), rné 4” CR, raxas, uro M[S (M?, NIG ML Sp, (U",N)}. 

Mbl cKaxKeM, UTO aJIFOpHTM ynpomleHHa MuMeeT HHAeKC k, ecsu On 
mopox eH (PbyHkuveh ~ uHJeKca k. Ilyctb Dz — MHOxKeCTBO BCeX aJITOpHTMOB 


[ee) 
wuufekca k. Anroputm A uMeeT KoHeuHBI uHeKc, ecm AC LU Dg. 
k=1 6% 

Hasopem J. oH. cb. N aO6coWIOTHO He yNpomaemModw BanropuTMeA, 
eCJIM CYIECTByeT CJMHCTBCHHbIM OOpa3 MR, g. Hu. c:. RB anroputme A u LL. H. O. 
Nu M, paBubl no wAPopmauun. 

Teopema. Jaa Kaocdo20 u3 aneopummoe A, undexca k natdemca cokpa- 
weHnant O.H. dd. Ro, (7), COCMableHHaA U3 HeOMMEYEHHOIX  KOHDIONKYUL 
u adcomromno Heynpoilaeman 6 aneopumme Az. 

Jloka3sarTeuaberso. Paccmorpum byaKkuuio amreOpbl soruKH f (x%,-.., Xn), 
n>2k-+6, paBHylo efunuue Ha HaOopax (0, 0,...,0,0), (0,0,..., 0, 1), 
ee, Ole 1); 3, (Op Ty ieee TEP CER ee, Tae) ee 


..(1, 0,...,0, 0). Hanumem coxpamennyn J. Hu. b. NR, byHkuun f,: 
Mp, = Xp Kg eee Xn VX XQ eee Xun Xn V 
NW EXER scaler ee Kip ee VAS Wi ots Eats RY eee 
PON ern p15! «ole Xe s Xa’ V RqenMo wait Kata nc Vow sus Vans Ng ta ee ae 


Ilyctb anroput A nopoxeH :yHkuMel o uHgeKca k. [lokaxeM, uTO Ha 
oxpectuoctn S (%, N;,), rae & — npousBosbuad KONDIONKIMA U3 M;,u S (Y, RF,) — 


OKPpeCTHOCTb, BXOJAMad B OOJaCTb oMpefeseHuA PyYHKUMM 7, 3HaYeHHe © 
paBHo (0). PaccMoTpHM Jia onpeeeHHOCTH KOHBIOHKIMIO My = Xy + Xg+..+ + Xn—1- 
Bpmuuiem ee rlaBHyio oKpecTHocTb Sz (%,, M;,): Sx (Wi, R;,) = {Xr + Xo - 


Pe 1s) VND oe « o * Nn —o Xn, Vie vole vee Xn—3°Xn—1* Xny++ +, X1°Xe * oe 
ei hte Vn Ped Pale «Ars He XB v0 Lap PG ne, Cn, 9 RP, oy a, ©, a 
| Ea EE Poe 20 Me tiene me rm wana, FOS ACCEL, 


Vis onpefenenua asroputma uHyexca k caenyet, to M[S (1, R;,)] S 
eM [Sz (M1, N;,)]- 

SameTuM, uTo Y%, C(R),)5.y- Hanumem coxpamennyio a. Hu. p. Ry, Takyro, 
uTo S (%,, Ny,) = S (1, M,) UX WMA(Ny,)ny. Eom & —uetnoe, Ry, = 


= Xy > Xg- 00. Xn V Mas Xe Ang Xn V M1 Xa Xana + Xana Xn V 
ees a Np tay Nae + ey Xe Xe i hs Xn V A Ve ee 
TM ie ee teeh ae ho Vie oe aces nea Xk ye 2 ee Ve eae 

ey thy pt np ake wen oR Sk st Xba he eee eee 


2k-+1 
Ecaa Rk HeyeTHoe, TO Ny, = \ Y;, rae %;—BCe KOHBIOHKIMH, BXOJ ALINE 
i=1 


B M[S(%, ®;,)]. Herpyquo BuxeTb, yTO MpH k yerHoM uw mpH k weyerHom 
YF (Wy,)s ye OKpecrHocTH, Bxo,aujve B OOsaCTb ompeeleHHa 4, o6mawator 
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celyiouluM cBolicrBom: ecan M[S(%, NICM (MN) u M(R)CM (RM), Te 
M[S (%, N)] = M[S (M, R,)] (1). Ovesuauo, M (Ny,) C M (M;,) u MLS (Wh, N;,)]C 
CM (Ry,)- Mostomy M[S (%, 2;,)] = M[S Qh, Ny,)]. Tak Kak Bce KOHBIOHK- 
nun B S (%,, N;,) He ormeuensi, TO S (%,, N;,) HS (Mi, Ny,) paBHabl 10 uApopmauuH, 
H P[S(My, M;,]) = PLS Hh, Ny,)I =o. V3 nocuequero pasencTBa cilelyeT, 4TO 
o[S (%, R;,)] = (0). Aeticrsurenbyo, ecm o=- (0), TO (PyYHKUMA 9, Mopowxja- 
roulad asropuTm A, He ABJIAeTCA JOMyCTMMOH. 


Teopema jloka3aHa. Mpl joKa3au HepaspewmHMocTb 3afauHn M B kuacce 
aJITOPHTMOB C KOHeCYHbBIM HHCKCOM. 


MockosckHit rocyJapcTBeHHbI yHHBepCHTeT Tlocryn“10 
um. M. B. JloMonocosa Tale L960 


LWMTHPOBAHHAH JIMTEPATYPA 


1410. WH. Kypasaes, JLAH, 132, NM 1 (1960). ?C. B. H6a0ucKuik, Tp. 


Matem. “uct. um. B. A. Crexnopa AH CCCP, 51, 5 (1958). 


Aoxrxzann Akanemun nayx CCCP 
1960. Tom 132, M 3 


MATEMATHKA 


B. H. 3YBOB 
OB IPPOAMYECKUX KJIACCAX PEK YPPEHTHbIxX ABY)KEHMH " 
(IT pedcmaeaenn akademuxom H, H. Boeoarobosem 28 I 1960) 


Ec MHoxKeCTBO JBH2KeHHM OMMCbIBaeTCA NoUTH-TepvofsMueckuMH (byHK- 
juuamu Bopa (1), To ono crporo aproguueckoe (?). A. A. Mapkos (°) moka3au, 
4TO HaJIH4ve peKyPpeHTHDHIX JjBuxKeHHH (*) OOmMero XapakTepa, BOOOMIee roBops, 
HapylllaeT crporyto sproquyuuoctb. B Hactosmeli paOoTe noka3aHo CYylecTBO- 
BaHHe pla KJaCCOB PeKYPPeCHTHHIX JBMKeHHH, OONalaloulMx 2proquyecKkuM 
‘cBolicTsoM. IIpu sToM mocTpoeHve TaKHX KJIaCCOB BeeTCA B MHO2KECTBE BCeX 
HeMpepbIBHbIX QYHKIUMH, 3aaHHbIx mpH t€(— oo, + oo), GOe30THOCHTEIbHO 
K KakOH-1HOO JHHAMMYeCKON CHCTeMe. 
— Onpegesneuue l, Henpeppipuaa dbyakuusa f(t), 3afaHHaa np t & (— coy 
+ occ), HasbiBaeTcaA PeKYpPeHTHOH, ecaM Aa KaxKJoro ¢>0 nu moooro 
‘BelllecTBeHHoro ¢ MOXKHO yKa3aTb uNcO L, Takoe, YTO B JOGOM HHTepBavie 
‘BeleCTBeHHOH ocH fvMHEI L, cylecTByeT MO Kpaliheli Mepe OJHO 4NCJIO %},¢ 
‘Tako, YTO BBIMOJIHCHO HepaBeHCTBO 
| f(t +t.) f(D) <e. (1) 
Teopema 1. Jlm6an pexyppenmuaan @ynkyun oepanu4ena u cogoKkynHocme | 
eceX makux dynKyutl obpasyem noakoe npocmpaxncmeéo 6 CmbIcre pasnomepnoii 
cxoduUMOCcMU Ha @eceli eelecmMBeHHOU OCU. 

OcHOBHadA TpyAHOCTb B CO3aHHH yHHBepCaJIbHOrO MaTeMaTHUeCKOrO allma- 
pata JIA NpelcTaBJIeHHA PeKYPPeHTHbIX (PYHKUHM COCTONT B TOM, YTO NOHATHE 
PeKYPPeHTHOCTH HeHHBapHaHTHO OTHOCHTeJbHO CJIOKeHUA U, OoJlee TOrO, He- 
TpaH3HTHBHO B TOM CMBICJIe, 4TO CCIM Cif; + Cofg HU dife +L dfs — pekyppexr- 
Hble (pyHKILMH, TO 9TO emule He O3HayaeT, 4TO /,f, -+1.f3 SyteT Take pekyp- 
peHTHOH cbyHKuHel; 3mecb c;, d;, 1; —Mpou3BOJIbHbIe MOCTOAHHBIE. 

Onpeyxeaeunue 2. MuoxectBo Bcex pekyppeHTHBIX dbyHkunh f(t), yfo- 
BJIETBOPAIOULHX YCJOBHIO: JIad Kaxoro ¢>0 MOKHO yKa3aTb KOHE4HYIO 
COBOKYNHOCTb (OpM C BellleCTBCHHEIMH KOSPPHIMeHTAMH, JIMHEMHbIX OTHOCH- 


TEMHO Y1(f),----. Yy (4). Pier Re U yuco 6>0 Takne, 4YTO BCe Co- 
BMECTHBI€ BeULECTBEHHbIe PeleHHA CHCTEMbI HepaBeHCTB 

| Pye (t +) — Pye (#)| <8 (mod 2r), 1<he, ) (2) 
MpH J11060M PHKCHPOBaHHOM ¢ YOBJIeTBOPAIOT HepaBeHCTBY (1), 6yem Ha3bi- 
Batb kKaaccom H (yi (t),.--,Yy(t)), THe Yi (t),--- > y(t) — MpoHsBombHDIe 


BeUECTBCHHHe HeMpepbIBHble PYHKUMH, 3aanHble mpH ¢ (— 00, + 00), Takue, 
YTO paBHOMepHO M0 CE (— oo, + ov) 


c+T N : 
lim = \ exp | i >) dere (t) | dt = 0 (3) 
T —co C k=1 
N ’ 
IpH sWOOHX BelleCTBEHHBIX UNCaX hy,..., hy TAKHX, YTO > Avr (f) = 0- 
k=1 


Pasymeetca, uucio § u caMM (opMbI p,, 3aBHCAT, BOOOUe TOBOpA, OT KOH- 


KpeTHO BHOpaxHo cbyHKuun f (ft). | 
| o* B07 


3ameruM, uTo ycoBue (3) OGecHeuHBaeT HaIM4He OTHOCHTebHO MAOTHOFGH 
MHOKECTBA COBMECTHDIX PelleHHH CHCTeMbI (2) H 3aBeOMO BbINOIHAeTCA, Koray 


HalpyMep, ¥;(¢) = iy: } 
Teopema 2. Jaa xascdot gynkyuu f(t)€ A (y1(t),---, Ty (t)) MooKeH 
YKABAMb CAMOE OOALLUEE CHEMHOE LUCAO AUHEUHELX OPM OMHOCUMEAGHO %1, ++ +X ph 


() 
C eewecmeenHeimu Koadmuyuenmamu p(t), Pe(t) makux, umo npu a | 
ugocHO; yKasame 4aucna k, ud >0 makue, umo ce CcoemecmHole setyeCméeH 
Hole PelWleHUA CUCMemMoL HeEpaseNcme 


|p, (t +2) — pp (t)| <8 (mod2e), R=1,..., Re, (49 


npu 060m duKcuposarnom t yOosremeopsiom Hepasercmey (1). 

CuencTBue. Ecan N=1 u 7, (t)=t, To w3 Teopemp 2 Ha OCHOBI) 
teopempt H. H. Boromto6opa (*) MoxkHO s3akOUNTb, uTO H(t) mpeacTaBiae: 
coOoli COBOKYMHOCTh BCex NOUTH-NepHoqMyecKUx cyHxuuh Bopa. B cBa3i 


Cc aTuM BO3HHKaeT | gafaua ompefeenua kKaacca H (y1(t),---, y(4)) yepe: 


apumeriueckue cBOlicTBa fo4¥TH-NepHozoB (pyHKUHK f(t) Takum o6pasom} 
“aTOOHI mpy NOMOLL HekOTOporo aHavora ynomsHyTow Teopems! H. H. Boro} 
Ju060Ba- MIpHitu K cpolictsy Kulacca f(y, (¢),...+ +, (f)), HomomwKeHHOMY 37eCty 
B. OCHOBY, OMpeylemenua 2. 

_Teopema.s. Kaacc H,, seasemca 4 noanoiom | aunetinelm npocmpancmeosy 
6 CMbICNe paBHoMepHoll cxOOUMOCMU Ha -eceli BeLYeCMeeHHOt OCU (30eCb U 6 OaNb} 
weiem Hj osnavaem Kaacc H (y;(t),.--, Yy(t)), “o2da KoNKpemHoll Bucy 
‘Gykixyud ,(t),..., yw (2) Ham Oespasauusen). 
Caenerane, Tlou102k4M 


vi 


Hoy = u EAM ek carats) 


‘Ohio TakxKe OyfleT NOJHbIM JIMHCHHbIM UpOCTpaHcTBOM. 


‘'Teopema 4. Ecau f(t)@Hy, mo Oana Kasd02e0 = >0 mooeHo yKasaml 
eager MHOZ2O4NEH 


Ne 
ye: fi ee a ‘ i: oy . i ioe > cree ON g ae 
k=1 
mrtanicols,” ae ae 
Me ens ix | f (4) — pe (t)|<e, 
20€ "ga (ly " anlbenine Auneltinole GopMel C yYelolmu Koagqduyuenmamu me 
PywKyya px(t), P2(t),..., 0 Komopelx udem pero 6 meopeme 2. 


, Y TREp»« WeHHe TeOpeMbl 4 OcTaeTCA CIpaBeVIMBbIM WM B MpoctpaHcTBe Ho 
eciH 3aMeTHTb, YTO yHKuMM p (ft) B STOM cnyuae OyAyT ABAATECA mune; 
HbIMH, (POPMAaMH.. 4, .. ., Try Np—> ©. 


k+>oo 


Teopema 5. laa awb6ou dynxyuu f(t)€ Hn uau f(t)€ Hoo eywecm 
syrom Cpednue 3HadeHua 


: ag 
i My (F (t)) = lim 7 F dt, (5 
ti, Gone “inoeo, : 
A c+T 
pz \ 1 (¢)dt—> M: (f(2) 


PabHOMEPHO OMHOCUMEeNoHO C E(— co, + oc), 


SameuaHue. Hanmuve cpenuero snayenua y dyaKun Kaacca ing 
‘O3HauaeT HayiM4yne SproyMyeckoro CBOMCTBA. 
N 


Onpereneune 3. Ec A(A) = M; (F(Z) exp |—i Dh, @)) - 0,7 
j= 
os 


i (A) HasbiBaetca KOShPuuneHTOM ®ypbe gynxkuun f(t) B 
i macce Hy, a BeLCCTBeHHbI€ BEKTOPBI (Ay,-.., Ay) Ha3blIBaloTCA MOK a3a- 
jTe TAM H Pypbe 9TOH PywHkuuu B Knacce Hy, uan mpocto Ko- 
Roppuunentamu Dypbe u noKa3atesmu Dyppe dynkuun f (ZL). 


Teopema 6. Jlwm6an dynkyua f € Hy umeem ne 6onee cuemHozo mHooKecCmso 
inokasamenet Pypoe u onpedensem eduncmeenntim oOpasom ceoti pad Py poe 
in) 


fx »; aA) 
mak, “ino 6bINOAHEHO PabeHCMésO Tlapceeana 


N 
Mz (\f (t)?) = >} lee}. 
k=1 
OtTMeTuM, UTO aHaJIOTHUHAA TeOpeMa cripaBeVIHBa AIA I Pe (e HEKOTOPbIMH 


| OUeBHHBIMH H3sMeHeHHaMH. Kak B TOM, TaK HM B ApyroM ciyyae pavbl Dyppe 
| CYMMHpyloTCa, H HX CYMMa COBMafaeT c Nopoxpatoulel pynkunel. 


m f . 
Onpexenenue 4. Oynkumo Kemny...tm= II Kin, (%,¢t) Has0Bem 0606- 


i= 
WeHHHM ARpOM Mehepa PyHKunH F(t)€ Hy, rye 
=i (t —q,(t)\\— 
Kin, = sit? (eel =| (n sea = ay 


k 2 k 
N 
qe = Dy yt, (t)- 
j=1 
_ IIpu 9ToM cucTema BekTopoB Y;,Yo,... (Y:=(Yu---Yy,)) BblOupaeTcA Tak, 


| 4uTOOb! OHA OOpa30BbIBaJla PalHOHAJIbHbIn Oa3HC BCeH COBOKYMHOCTH MOKa3a-. 
| tenet Mypbe dyHKuun f (Z). 


Onpexeaeuue 5. Tpuronomerpuyeckui MHOroWwieH 


Pkmny...nm = M; (f(t) Kemny...tm (x, t)) 


Ha3biBaeTcA OOOOULEHHOH TPHrOHOMeTPHUeCKOH cyMMOH 
Metiepa. 

Teopema 7. Kaxoea 601 nu O6olaa dynkyua [6 Hn, cywecmeyem no- 
caedosamenbHocmb coomeemcmeyrouux eu cymm etiepa S;,(t) maKkan, 4mo 
Sz (t) ras f (t) paeHomepHo omunocumearono t &(— oo, + oc). 


Teopema 8. Jlw6aa gyxkyun f&€ Hn moocem Oolme npedcmaearena 4epes 
npedenbno-nepuoduyeckyrto (1) @yxKyuro F (2,,...,2n) Popmyaot 


F(t) =F (m1 OE, 2) E,-. sty (CDE); 


20€ 2; — CUueMHOMEPHOLL BeKMOP C BeujecmeeHHblmu KOOpOunamamu; E — cuem- 
HOMEepPHbli BeKMOP C COUNUYHSLMU KOOpOUKamamMuU. 
3ameTuM, 4TO BO3MOXKHbI HeKoTOpble OOoGmeHUA KJacca Hy; NO-BAAMMOMy, 
3€Cb Hy2KHO PYKOBOJCTBOBaTLCA US3BeCTHBIMH OOOOUeHHAMH NOUTH-NepHoH- 
yeckux dyHKuHi Bopa, cyenannpimu Besuxosuy, B. B. Cremakosbim, Axnype 
Befinem u B. A. Jlesuranom (°). : 
Tocrynun0 
28 I 1960 
IMTHPOBAHHAS | JIATEPATYPA 


1H. Bohr,’ Acta math. 45 (1925). ?B.B.Hemupukuit, B.B.CTrenanos, 
KauecrBeHuad Teopia AMpepenuMabHbIx ypaBHenHi, Haq. 2-e, M.— JI., 1949. 3 A. A. Map- 
KoB, Matem. c6opy., 4(46), 165 (1938). 4H.H.Boroaww 608, San. Kad. MaTeM. 
dpusuku AH YCCP, 4,185 (1939). 5B. B.Ctrenauos, JAH, 64, Ne 3 (1949). * A. Be- 
sicovitch, Proc. London Math. Soc. (2), 25 (1926). 7 5B. M. Jlepuran, Jlourn- 
mepHomuyeckHe dyHKuwH, M., 1953. 
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MATEMATHKA) 


c. fr. KPEAH 


O NMOHATHH HOPMAJIBHOM LWIKAJIbI MPOCTPAHCTB 
(I1pedcmaenexno axademuxom H. H. Boeoarwboeeim 28 I 1960) 


B 3amerxe (1) Mbl BBeJIM B paCCMOTpeHHe MOHATHE aHaJIMTMYeCKOH UikaJIbl 
MpocTpaHCTB Kak CeMelicTBa OaHaXOBbIX MpOCTpaHCTB, MOyyaeMoro CMely-— 
aJIbHOH KOHCTpykuveH. HopMbl B S9THX MpOCTpaHCTBaxX aHaJIMTHYeCKH 3aBHCAT | 
oT Mapametpa. B 9Tol craTbe Mbl paccMaTpHBaeM Oovee oOllee onpesemeHne f 
WKaJIbl MpOCTpaHCTB, B KOTOPOM OT 3aBMCHMOCTH HOPM OT lapaMeTpa BMeCTO 
aHaJIMTHUHOCTH TpeOyeTCA TOJIbKO JOrapHPMHYeCKaA BbINYKJIOCTb. 

1°, Onpexemenue. CemelicrBo GaHaxoBbix MpocTpaHcTs Ey (%)<% < Bo) 
Cc HOpMam# ||x||, Ha3bIBaeTCH HOPMAJIbHOH WKaAOKH MpOCTpaHCrTs, 
CCJIM BbITOJIHCHbI YCJIOBUA: , 

1. px 8 >a muoxectBo Eg cofepxuTca BmpocrpauctBe Eg, MIOTHO B } 
HeM HU 


lxle<|[xlle mpu x€ Ep. (1) 


2, Eom %<a<B<7<8, u x€Ey, To 


y—B ae 
ell cll ee (2) 


Il la <I ¥ Ie 


-, Kak Oplio yKa3aHo B (+), CBOlcTBO (2) BBIMOJHeHO vad mpocTpaHcTs aHa- 
FMTHGeCKOH Wkam. Ja TOTO 4YTOOLI ObWIO BEINOMHeHO (1), Heo6Oxoqumo 
Ha omepatopbl T(z) HaJOXKUTb MaJIOCyUIeCTBeHHOe ONOJHHTebHOe orpaHH- 
venue. Kaaccuseckne IUKaJibl MpOCTpaHcTB, paCCMaTpHBaeMbIe B aHaJHse, 


MocJle HEKOTOPOH MepeHOpMupOBKH CTaHOBATCA HOpMaJbHbIMY. TIpupezem mpx- 
sabe 


B n-MepHou oOactH G paccmorpuM npocrpancrsa Lp byukunli, cymmu- 
PYCMBIX C p-H cTeneHbIO (op > 1). O6osHayum uepes L* npocrpancrBo Lp pu 
p= T—a (e HOpMolt 

; “ 


‘llflle=( (mes) * lili, (p= zag, FEL»). (3) 


‘ Ipocrpauera L* o6pa3ytor HopMasbHy10 Wkaly mph —lma<l. 
Hopmasbuyio mkaty npn O<a<1 o6pasywor mpocrpanctsa C, (py HK- 


unt, HenpeppriBHBIxX BG u yoBmeTBOpsioMlux B G ycnoBMO Tembyepa mpu 
HOpMe 


uN fil, = max{ max|f(x)|, D* sup eH}, (4) 


Ax@6 x,yEG |x—y |* 


rge D — quametp o6macn G. 
5410 


Hakone, HOpMaJbHyI0 ulKaly pu — co <a < co o6pasyior mpocrpan- 
Ctpa Ly. (cm. (*)) c HOopmol 


Filey = De EE ay, | (5) 


re f — paccTOAHHe OT TOYKH X JO HeKOTOPpOH (bHKCHpoBaHHOH TOUKH G uM 
tO HeKOTOporo MHorooOpa3Ha, JeKanlero B G. 


YkaxKeM Mpocteritime CBOHCTBa HOPMAaJIbHbIX WiKa. Ecim BMecTO WHeKca 
% BBeCTH HHJekC o’, JHHeHHO CBAgAHHBIH c a: o = ko’ + 6 (k >0) nu o603Ha- 
WuTb Ey = Exgrt+9 = Ea, TO WpoctpanctTBa Ew OOpa3yloT %)-HOpMaJIbHy10 
UKasly Ha oTpesKe [e-*, oo"). 

TakuM o6pasom, ecJIH a) H 8, KOHeEUHbI, TO 6e3 OrpanuueHHA OOuHOCTH 
UX MOXKHO CUNTaTb paBHEImu 0 u |. 

Ecam B mpocrpanctBsax E£, HOpMaJIbHOH ikKaJbl CleaTb IKBUBaJIeHTHY1O 
Ilep€HOPMHpOBKy, TO, BOOOMIe YToOBOpsA, HepaBeuctTBa (1) u (2) Hapymatcs. 
Onpako cyllecTByeT Kslacc MepeHopMupoBok, He Hapytlarouma (1) u (2). 
Tlyerb g(a«)—ney6pipaioulai smorapudmuyecku BBITyKJaa (byHKiuaA Ha OT- 
peske [%,,8,]; Torga mpocrpaucTtBa FE, oOpa3y10T HOMER Oe WkKasly OTHO- 
CHTEJbHO HOPM || x |lo,14 = g(«) || x lla. 

Tyeth Ex (%) <a<8,)—cemelicrBo GOaHaxoBbIxX MpocrpaHctTs, ‘o6pa3ylo- 
IHX HOPMaJIbHy!0 Kady Ha oTpesKkax [o,6] uw [5, BJ], roe a <6 < Bp. 
lia Toro uToObl 9TH MpocTpaHcTBa OOpa30BbIBaJIW HOPMaJIbHYIO LkKasly Ha 
Beem oTpe3Ke [%, B,], HeOOXOZHMO M OCTATOUHO, YTOObI’ BHINOJHAOCb He- 
paBeuctBo (2) npn B=6 u mobnix a<d uy >8 (4, 7 E[Mp, Bol). 

Ecnu orpe30k [%, Bo] MOKpbIT HHTepBamamN [o, Bz), (81, Be), - - -> (Bras Bo) 
M ceMeHcTBO OaHaxoBbIxX Mpoctpancts Ey, (%#<a< 8,) o6pa3yeT HOpMaJib- 
HYIO UWlKasly Ha KaxKJOM H3 OTPe3KOB [%, By), (81, Bo), .--, (Bea, Bo), TO Ce- 
Melictso FE, OyyzeT HOpMasIbHOH WkKaJOH WpocrpaHcTB HM Ha BCeM oe 
[%, Bo]. 

CUE — HOpMaJIbHasi WKasia Ha [%,8)] u Fa —HOpMasbHawA WiKasla Ha 
18, Bo] (a <6 <8) taxas, uro Fs = Es, Fa CE, u ||x\le, <||*\lr, (% € Fe) 


mpu 6<a< 8), To npocrpanctsa £,, copnagaiouue c Ey, mph aE[%, 6] 
c Fa upH %€[6, Bo], OOpasy1oT HOPMaJIbHy!O Wkay Ha [%, Bol. 

PacnpoctrpaHeHHOH KOHCTpyKUHeH HOPMaJIbHOM WKaJbI ABMAeTCA CueytO- 
iad: pacCMaTpHBaeTCA HeKOTOpoe JIHHeHHOe MHOxecTBO M uw Ha HeM 3ajla- 
eTca cemelictBo HopM: || x || (xEM, % <Ka<8o), yHoBNeTBOpsIOMIMX ycCJO- 
BusaM (1) w (2). 

Ecnu o603HauHTb uepes FE, monomHeHve M no Hope |x|, mpu % < By 
HM uepes E,,—nonommesne M mo Hopme |x|, = an |x|2, TO, mpo- 

a> 


crpanctsa E, OyJeT oOOpa30BbIBaTb HOPMaJbHyIO WikKaJly Ha OTpeske 
[%, Bo]. Ec 2xe uepe3 Ep, o6o3HauATb NlonoswHenuve M no Hopme ||x|\e,, Ko- 
Topas, BOOOLIe ToBOpA, Gombe ueM | x |\,’, TO Es, MOXeT He CojepxXKaTbcA B 
MpocTpaHcTBax E. pH <Bo. OgHako cymecrsyerT FOMOMOp*Hoe OTOOpa- 
7KeuHe Es, B Ea, U eCM 3aMeHHTb Ea, Ha (pakTOp-MpocrpascTBo Ep, 10 ALpy 
3TOFO TOMOMOpH3Ma, TO MOJyueHHoe cemMelicrBo mpocrpancTs (Eq pH % < Bo 
u Es) 6yAyT OOpas0BbIBaTb HOPMAJIbHY!O WiKasiy Ha [%, Bo]. Ecau crpouts 
ukasy L* myTeM MonoJHeHHaA HEKOTOpOrO MHOKeCTBA OFpaHHYeHHbIX (yHK- 
MH, onpesenaa ||, upu «<1 opmysom (3) u momaras lf, =’sup|f (x) |, 
TO HepeXO OT HOPMbI fle, K HopMe fs, coorsererayer Tlepexogy oT HopMbl 
lf |, K HopMe \fik= vraisup|/(x)|. Yka3anHpli mepexoq kK (akTop-mpo- 
CTPaHCTBY COOTBETCTBYeT OTOXKeCTBIeEHMIO (PyYHKUMH, OTMMUAIOUIHXCA Ha MHO- 
2KeCTBE MEPbI HYJIb. 

ott 


2°, PaccmoTpuM JjBa OaHaxoBbIxX MpocrpanctBa Fy u Fy Takux, uTO 


F,CFy F, naoTao B Fy, [lx ll-<|* llr, (x € Fi). (6) 


Ilycrb ua orpesKe [0, 1] 3aqaHa HOpMasIbHad WikKasla NpOcTpaHCTB E. Ta-f 
Kaa, TO 


FyoCEy Fick [ele<[xle(x€Fo) [ele <lele (€F Ds (OF 
Kim|x]ep [le (*€ Es) (8)} 


Byyem ropoputb, uTo wKasa Ez, ONMpaeTCH Ha MPOCTpaHCTBa | 
F,u Fy. Oqua wkasa, onupawmasca Ha Fy u Fy, cyiectByeT — 9TO TPHBH- | 
ajbHad wKkasia Ey = Fo. | 

Teopema 1. Cpedu HopMmaanbnolx wKAaA, ONUpatoluxcAh Ha npocmpan- i 
cmea Fy u Fy, cytwecmeyem wana Ge (O<a<1), oOnadarowasn ceotcm-'* 
eamu: a) Gy= Fy; b) Fy naomuo 6 Gy; ¢) Onn <atoboli HOpMaAbHOtL WKaAOl } 
E*, onuparweticn Ha Fy u Fy, cnpaeedaueo nepasencmeo . 


[*le.<|*lle. (QK%<1, XE F%). 


Illkany, cymlecTBopaHve] KOTOpOH yTBepxXaeTCA B TeopeMe, OyeM Ha3bl- § 
Bath MAKCHMAJbHOH WkKasONH, NOCTPOeHHOH NO NMpocTpaLH-} 
ctpaMm F, u F,. Ecnu cyuiectByeT Kakac-nO0 UlkKawla, ONMpaloulasica Ha | 
Fy u Fy, takaa, uro E,y=Fy, TO MW AIA MaKCHMaJIbHOM WkKasbl OyeT >} 
G,=F,. B 3Tom csayyuae mpoctpanctBa F, u Fy, OyeM Ha3bIBaTb POCT- | 
BeHHBIMH. 

Sameuaune. Ecau Gz (Q0<a<1)—MakcuMasbHad Kasia, NOCTpoeH- | 
Has 10 MpoctpaHctBaM Fy, uw Fy, To Ha JOOOM OTpe3sKe [, By] C [0, 1] ona | 
GyeT ABJIATbCAH MAKCHMAJIBHOH UWIKaJIOH, NOcTpoeHHOM m0 NpocTpaHcTBaM Ga, | 
H Gg,. 

Teopema 2 (uuHTepnosmsamHouHaa). J7ycmo Fy u Fy—O0ea npocmpan- 
cmea, yOoereméeopatouue ycaoeunm (6); Ge (O<a<1)— maxcumaaronan 
wuKkana, nocmpoexHan no Hum; E,—npou3eonbHad HOpMaAbHaA wWikKaNa Ha 
[0, 1], yOoeremeoparowan ycaroeuto (8). 

Ecau aunetinoui onepamop A onpedereH Ha F, u ydoenemeopsem ycao- 
BuaAM 


J Axle<Colxl,, | Axle,<Cilxlr, (x€ Fy), 
mo npu O<a<1 cnpaeednueo nepaeencmeo 
| Axle<Co “Cr |x|Io,  (*€ Fi). (9) 


Teopema 2 ecTeCTBeHHbIM 06pa30M nepeopMy JIHpyerca AIA CAYUaA, KOra 
Kala Gy onpeyzesyeHa Ha OTpe3Ke [a%, Bale a WKaJa E.— Ha OTpe3ke 
[o, By]. 

Otmetum, uTO IPH JOKa3aTeJIbCTBe TEOPeMbI HCHOJIb3yYeTCH HE TO, UTO 


onepatop A JMHeeH, a Jub TO, uTO BemHUNHa || Ax |, O6nanaer cBolicT- 
BaMH HOpMBI. 


3°. PaccmoTpHM Jia puMepa mpocrpanctBa Ly u L., yHKuuli, 3anaH- 
HbIX Ha oTpesKe [0,1]. Ora mpocrpancrBa yyoBuJeTBOpsIOT ycoBusaM (6) 
ABNAIOTCA POMCTBEHHbIMU, TaK KaK Ha HHX OMMpaeTCH Wikasa mpoctrpaHcrTs 
L* (cm. (3)) u L1= Loo. EctectBeHHo Oniio npeqionaraTb, uTo wikana L* u 
ABIACTCA MAKCHMAJIbHOH. Ojuako 9TO pefnosmoxKeHHe HesepHo. Kak moka- 
3a E. M. CemeHos coBMecTHO C aBTOPpOM, MaKCHMaJIbHOli WKasoi, nocrpo- 
€HHOH NO npoctpanctBaM L, u Lo, ABJIAeTCA WKasia MpocrpanctsB S,, cocto- 


AULMX H3 CyMMHpyemMbIx Ha [0, 1] @ynKunh f(t), aA KOTOpHIX 
Al 


lills, =(1—2)| tf (A) dt < ow, (10) 
012 ; 


rye uepes f*(¢) o6o3sHauena mepectanopka dyHKuHi |f(¢t)| B yOprBaronlem 
nopsgKe (cm. (7), crp. 332). 

AnaJOrH4uHO IA MpocrpancTtBa V, aOcomoTHO HempepbiBHbix Ha [0, 1] 
(byHKuua c Hopmom ||f lly, = max {max|f(t)|, Vor f (¢)} u mpoctpancrBa C, 
(PyHKUMH, yOBJeTBOpsIoWux ycuoBuIo JIunmuya, c HOpMo (4) MakKcHMaJb- 
HOH IWKaJIOH, ONMpaloulelica Ha HHX, ABJIACTCA IKana MpocrpaHcTB Si co- 
| CTOAMHX H3 aOcOJIOTHO HeMpepbIBHbIX (PyHKUMH, WIA KOTOPbIX 

1 
[fs = max {max | f (2)) (1—a)\ t-2 9" (t)dt} <0. (11) 
0 

V3 teopemb 2 MoxHO!NOYIUTh pA Teopem 06 onepatopax, onpesemeHHbIX 
B lpoctpaucrpax Sq u S34. 

CcopmyHpyeM HekoTopple 43 HHX: 

Teopema 3. Ecau onepamop A seanemca CepaHuueHHblm onepamopom, 
Oeticmeyrowum uz npocmpancmea Ly, 6 npocmpancmeo Ry u us npocmpan- 
cmea Le @ npocmpaxcmeo Rp, 20e Ra u Re—dea npocmpaxcmea aubo u3 
wane L* (cm. (3)), au6o uz wKanot Cy (cm. (4)), au6o Lyg (cm. (5)), 2u60 
Sa (cm. (10)), 2u6o Sz (cm. (11)), C coomeemcmeyrowumu unOeKcamu, mo 
onepamop A seARemMcA O2paHUXeHHblM onepamopom, Oelicmeyrouum U3 npo- 
empancmea Sy, (O<u<1) @ npocmpancmeo Ray), 20e %(v) = a (1 —w)+fBu. 

Tlomp3ysacb 3ameyaHvem K Teopeme 2 MOXHO JOKa3aTb GOonee oOtLyI0 
Teopemy: 

Teopema 4. Ecau onepamop A seasemca oepanurenHblm Onepamopom, 
Oeticmeyrouum uz npocmpaxcmea S,° 6 npocmpaxucmeo R,z u u3 Sp 6 Rp, 
20e R. u Rg makue oe, Kak 6 meopeme 3, mo onepamop A sAéeanemcaA oepa- 
HUYEHHOLM ONepamopom, Oeticmeyroiwum uz npocmpancmea Say) 6 npocmpan- 
cméeo Rau, 20 a! (v) =a (1—u) +8 'p, a (u) =a (1 —p) by O<p <1). 


Tlomb3yscb HepaBeHcTBoM (9), B Teopemax 3 Hu 4 MOXKHO OWeHHTb HOPMBI 
onepaTopa A B COOTBeTCTBYIONIUX IpocTpaHcTBax. 


Tlocrynuso 
27 I 1960 


UHTHPOBAHHAS JIMTEPATYPA 


1¢.r. Kpeuu, AH, 130, N3 (1960), 2.1. Xapau, 0.E. lutrapsyay, 
IT. Ilo #a, Hepasencrsa, WI, 1948. 
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Jloxnagmn AxkagemMun nwayk CCCP 
1960. Tom 132, Ne 3 


MATEMATHKA 


Nl. H. JIMSOPKHH 
PPAHMUHDIE CBOMCTBA ®YHKUMM W3 «<BECOBbIX» KJIACCOB 


(II pedcmaeaeno axademuxom Cy JI. Co6oneeoim 20 I 1960) 


B ancceprauun JI, I. Kyapsasuesa i‘ ) Obl paccCMOTPeHbI COOTHOMeHHA 
MexKIy PYHKUMOKabHbIMA Kaaccamu HY), Teopus Kone DPS paspa6oTaHa 
C. M. Huxkompckun (?, *), H BeCOBLIMH I1pocTpaHcTBaMH w®,. B name nmpe- 
abinyueti peters (*) usyyanucb xXapakTepucTuuecKue TrpaHHuHble CBOHCTBAa 
yuxuni us WS),. Tipu p=2 nopo6noe usyyenne eme pavee Obisio mpoBe- 
qeHo B padote ‘A. wits Bamiapnua(*®). B qaHHol 3aMeTKe H3JlaraloTCA pesyJIb- 
TaTbl jJlasibHeEMWIMX HcceoBaHHH B 9TOM HallpaBJeHHH. OTH. pe3yJbTaTbI 
cbopMyMpytoTch B TepMuHax oOOoOmeHHBIX mpoctpancTtB C. JI. Co6oneBa 
W (r>0, ne o6a3aTembHO uesoe (*)), H MOTOMy Hapsy c paccMoTpeHueM 
TpaHHuHbIxX 3HaveHHH (yHKUMU W3 BeCOBbIX KJIaCCOB eCCTeECTBEHHO BOSHHKAaIOT 
paccMoTpeHus, CBasaHHbIe c Teopuell npocrpancts W\), Csssb Mexyy mpo- 
cTpancTBaMa W 4 BeCOBbIMH KJlaccaMM OblJlIa OGHapyxKeHa. B. pabote B. VU. 
Kouypawosa (*). [lioqoTBopHocTb NOAOOHOH cBxA3H IIpH M3y4¥eHH MpocTpaHcTs 
W necomHenHa — yKaKem Ha padoty C. B.-Ycnexcxoro (8), rye mpH mo- 
MOWH 9STOH CBA3H TOJIYYeHbI TEOPeMbI BJIOKeHHA, AHAJOTMYHbIe TeopeMaM 
C. M. Huxonpexoro(?) B Kaaccax H%), 

Ilyctb E,—9BKIMOBO poctpancTBO nm M3MepeHHi, X (xX1,...;Xn)— 
ToUKa B.HeM; Ep, — NoANpocTpaHcTBo x, = 0, x(x, .. +» Xn—a) — TOUKAa B HeM; 

2 


ee eee Ee peueree Xn 0, | ee Yl b (x; — y:) :] ; | —uesoe nono- 


*KUTeNbHoe uncao; W\ —upocrpanctBo C. I. Co6onesa (°). Bynem TOBO- 
putTb, uTo dyHkuua U(X) pwnafnexuT Becopomy kKsaccy woe (En),  ecau: 
a) U(X)E€W (Es) upu mo6om 8 > 0; 

a a’ U(X 

6) Dia(= |e > @) 


Qy (o 
F° ait...to,=l Oxy a Ox, 
n 


p 
aX oo. 


Ilo onpegzenenuio byHKuna U(X) npunagnexur WS (E%) (r >0, L< px 
< oo), ec OHa npuHannexut WT)! (En) ([r] — esas uacrb r), a mpH HeLe- 
JIOM f, KpOMe TOFO, e€ CTaplIMe MpOHSBOTHbIE YAOBJETBOPAIOT COOTHOLICHHIO 


Fes lcieene jal u(x)—all u(Y))P 
LL (ayy = \av | aX < 00. 
JB) 


n nh 


ally - 
Snecp OU = Onder Cf = eres — J100aH W3 UYaCTHbIX IpOM3BOLHbIX T0- 


pagka [r]. Onpeyeienue ja Bcero mpocrpancTBa (a Take ja oOnacTH) 
anasiorMuno (°). Hopma B npoctpaucrse Wi) (E°%) sanaerca pH weJiom r 
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Kak OObIUHO (°), a IPH HelleIOM Tak: 


1/p 
IU ly em = OIG 2) 4S) ERC, UY. 
Ute taste 
idyeTh, Hakone, EB, —OMMpPOcTpaHCTBO’ Xqamg == i = a a, 


x’ (X1,~.. +) Xn—m) — TOUKA BHEM, X” (Xp—mtiy ++ «> Xn) @ Em — TOUKA OpTOrOHaIb- 
HOrO JonouHenuA (E,mO Em = E,), iP (En—m) — (UMIHHEp» patuyca 4 
«OCbIO) KOTOPOrO CJIyKUT WoMpocrpancrso E,j—m, T. €. COBOKYIHOCTb TO’ 
yek XE€E,, DNA KOTOpHIX | x” | = en +s. 4 <8, Ilo onpewesieHH1o 
dyHkuua U(X) npnualtnexut Becopomy Ksaccy aes (En—En—m), ecaM: 
a) U(X)€WP [En — LP (En—m)| Up mo6om 6 > 0; 
i ; aU (X 
6) Dp,a(U, tease eae ee 
En Ait... tly=l | Ox;?... 0x, 
B cnyyae m=1, ouepuqHo, x =x’, x” =Xn, OMHAKO, Kak OyJeT BUAHO 


fanee, Npuxoqutca pasmmuaTp ksaccer WW, (E%) u WO UE Eee 


Teopema 1. IIycmo 
U(X) tien npu m=1; 
WOE EE) DL Die meen 
u & npedcmaegumo 6 eude a=a,-+ pk, 20e O<a+m<p; k—odHOo u3 
uucen QO, 1,..., (/—1) (m. e. “ucao « ydoeremeopnem Hepaeencmey —m< 
<a<pl—m u ne npuxnumaem snauenuii p—m, 2p—m,...).. Toeda 


6 CMbICAe CXOOUMOCMU NouMU Npu ecex x’ U OOHOBPpemMeHHO 6 CmblCAe CxOOU- 
Mocmu 6 mempuxke Ly cywecmeytom npederot * 


yale 
noo Ox... Axin 


IIpu amom cnpaeednueol ymeepoxoenus: 


p 


aX <.ce% 


= Gi in)» i=O0nex..,¢ hs Ox<it... tin =i. 


ptery 


: (r;) ; a+m , 
BT te 76. 2° (Ena) ti =) — 8 aici as 
(s |P 
6) | Psa 0 In—mtiye ln lye (EA) = 


e{||U pea) (e°) + Dba (U, B)},m=1; 


— ; 
“IU [het Cuts D5 AUr ELSE 2a: 
OS fp ontario sal 


Bion: 0, 2p—m+1s--* t Sah 
aang 
OX eee he ea 
=j<l—k—i-—l. 
SaMeTuM, 4TO WIA (yHKUMM Ksacca Se Te) TIpeveJibHble 3Haue- 
Hua Ha E, , pv X, +0 uw x,——0, BooOmle roBops, pa3JIMUHbI, B CHIy 
yero M MIpHXOAMTCA B MpHBeJeHHOH BbIle (OpMyJMpOBKe BbITeNAT cAyy4ali 
m= 1 (cm. eme Teopemy 5). [Ip ucuesnopenuu Beca (% = 0) ccbopmy.Mpo- 
BaHHasd TeOpeMa COCTaBJIAeCT YaCTh H3BeCTHOH TeopeMb! Bulo%KeHHA C. JI. Co- 
6omepa — B. VW. Kongpauioza (°, 4, 1). 
OrmeTuM, 4TO YTBep2xKJeCHHA, MOLOGHI€ BbICKasaHHbIM B Teopeme 1, Oo cy- 
WCCTBOBAHH PpaHHUHbIX 3HaueHH WM UX CBOHCTBax, HO B TepMMHaX KJIaCcoB 


H wa rpanuue, Opimm Brepsbie oKasanpl JI. JI. Kyapasuespim (+). OgnaKo 


in? OS + b ebecaie Jn—m= 


* CyulecTBopaHne mpeyebHEIX 3HayeHH Ha E,_, B CpeqHeM JA (YHKWAHH H3 BeECOBbIX 
KlaccOB Np p=2 paccMaTpHBaocb B pa6ore (12). 
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HMe€HHO B TepMHHaX KJIaCCOB We OKa3bIBaeTCA BO3MOXKHBIM MOJIHOCTbIO OXa- 
PakTepH30BaTb TpaHHYHble 3HaveHHA CPyHKIMMH M3 BeCOBbIX KMaCCOB, UTO BbI- 
ABJIAeTCA OOpaTHMOCTHIO TeopeMbl |. ; 

Teopema 2. JIycme na noOnpocmpancmee En—m, \Qm<n, 3adana 
cucmema MyHKyut 


Get OE Wee ate nee Mca ee 
O< inmate Sle 


B npocmpancmee E, cywecmeyem gyxxyua U(X), o6aadatnwyan ceoi~ 
cmeamu: 


a) U(X)€W),«(En—En—m), %=p(l—r)—m; 
dU (X) 


6) coe Cys 
em eR Jermyn 
B) U(X) anaaumuuna 6 o6nacmu (En—En—m)e), 20€ nepemeHHole — 
x; (i=n—m+1,..., n) coxpanastom 3Hak (0<|x;|<00), u @ Kascdott 
makot obaacmu 
p 
\ page ete yt | OaeU CORN axa 
B 
(En—En—m)..) mB=l+/|Ox1'. Wee 
i-1 i 
<cD a (eats ae = eee 
GAD po 2 yee ie alee eee cule wp En) 


BpicKa3aHHble OMmpesesieHHA W TeOPpeMbl MOXKHO NepeHecTH Ha Cuyyal 06- 
NlacTw c JocTraTouHO ryiayqKOH rpaHMleH, Kak 93TO jeNanocb B HalleH mpez- 
wecTBymleH padote (*) npn /=1, n=2. Mbt orpaHuuumca TeM, 4TO cdop- 
MyJIMpyeM CJIeLyIOulylo TeOpeMy, KOTOPad ABJIACTCA HeMOCPpeACTBCHHBIM pa3- 
BHTHEM OCHOBHOM TeopeMbI padorTbI (*). 

Teopema 3%. [7ycme dynkyua U(X) onpedenena @ o62acmu G Cc epa- 
nuyet TEC” u npunadseocum W'(Gs) npu awbom &>0 (2de G3 —nod- 
ob6nacmbs G, mouku Komopot omcmosam om T 6oaswe, uem na $) u nycmo 
KOHeueH BeCOBOlL UNMeepan 


D},o(U, G) =\o(X)| grad U Pax 
G 

(ede o(X) —oe2panurennan @ynKyun, CpaeHuMmaA C paccmosHuem OO epanuyoel, 
m.-e. cyo*(X, T)<o(X)< 2.07 (X, 1); Gy, Co > 07 —1 << C= pp — ee com 
cywecmeyiom npedenonole sHauenuna dynkyuu U(X) na epanuye noumu e@ KaoK- 
dou mouxe xET (npu nodxode no Hopmaau) u npederonaa @yxkyun U (X) |p = 
= (x), ObyOyuu make npedenom U(X) 6 p-cpednem, yOoeremeopaem ycao- 
BUAM: 


1) p(x) EL, (I); 
oat | p(x) —9(y) |P 
2) Apa (?, ee dy<cDi, ,(U, G). 
p—l1—<a 

O6pamuo, dynxyuro p(x)EWp ° (T) (m.e. p(x) Lp (I) u Ap, a (p, T)<00) 
MONKCHO pacnpocmpanums Ha G @ Kaacce Wi o(G), m. e€. Onan noayuennoit 
gyxkyuu U(X) 6yOym cnpasedruéeol Ymeepocdenus: 
a) U(X)|lp = (4); 6) U(X)E WE (Gs); B) Dt 6 WU, G)<cAp, a(¢, T)s 

B 3akJ0ueHve MbI IIpHBeEZEM TeOpeME!, NOLTBepKMalollve B3aMMHYIO «IpH- 


CHOCOOJIEHHOCTL» BeCOBbIX KJIACCOB H MpocrpaHcTB yo TaKKe C TOUKH 3pe- 
HUA COOTHOMeCHHH MexKy HHMH B E,. 


* IIpu p = 2 teopema 3 B HECKOABKO Apyrof dopme JoKasana B paGoTe ). 
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Teopema 4, Hmeem mecmo e6aoowenue 
a 


i— = 
W pee Ean ply pis aa << pl: 
Winton) ce W. (Eo np) <x 0) 


Takum o6pa30M, NpHHadiexXHOCTh K BeCOBOMY Kslaccy rapaHTUupyer pH- 
HaJ\I@KHOCTh K HekoTOpomy xKulaccy WS. Tlpu stom pasHocrupie MHTerpasnl, 
BxoAamlue B onpegenenue WS) (unu HOpMbI CTraplMX MpOusBOJHbIX MpH 1e- 
JOM f) OWeHMBaloTcA yepes BecoBoli uATerpan Di, ,. 


Teopema 5. IIycmo dyxxyua U(X) npunadseum Wh, « (En— En—-1) 
u coeénadaiom npedenbHole 3snHavenun 


af : 24 
lim ee os = lim : : col , 
Xp,—>-+0 Oxy 2 OA" Xpn>—0 Oxy ae Ota 


Oss cba nee ei De 


Toeda npu O<a<p—l1 


U(X)EW, ? (En). 


Mbt 3aKOHYHM H3JIOX%KeHHE TeOpeMOH O pacipoctpaHeHHu, OTHOCHIIeHcA 


K Teopuu mpocrpaHcts WY), mpu goKasaTempcrBe KOTOpOH OblJ1 HCMO/Ib30BaH 
MeTOL, XapaKTepHbIH Ia BceH paOoTbI B Letom. Metoy 3TOT cocTOHT B HC- 
NOJIb3OBaHHH JIA TeOpeM BJIO%KeHHA CBOUCTBA aOcOMOTHOM HelpepbIBHOCTH 
PYHKUMH, OONaqatoulMx COOOWIEHHEIMH IIpOu3BOJHbIMM, Ha MOUTH BCeX NpAMBIX 
3afaHHOrO HallpaBJIeHHA BHYTpH paccMaTpuBaeMOol oOOslacTH (1%) MH onupaeTca, 
cpeM Jpyrux HHTerpaJIbHbIX HepaBeHCTB, OCOOeHHO Ha HepaBeHCcTBO Xapsu (*4). 
B TeopemMax paclpoctpaHeHHA HCHOMb3YIOTCA PasJIMUHbIe MpelcTaBseHHA Mmpo- 
MOJI2KCHHOH CYHKUMM, OMMpatiouiMecd Ha uHTerpan Ilyaccona. 

Teopema 6. B ycaoeuax meopemol 2 cyujecmeyem onpederennan 6 Ep 
dynkyua (V)X, o6nadarwasn céeolicmeamu: 


(tart *) 
Jive ae 
! SS 
w1tr+ 2) (en) 
c— ; 
Se | pi oe ; 
= a Ges ent Fin mbty-t a; Nyt—tmae (E55) 
dV (X) ; 
B ee 1 ee a Oe Ce = fe x . 
Bere 0x," |v Fin mebtens tg 


Sameuaune. JJanHan paOota Bo3HHKJIa B cemuHape C. M. Hukoup- 
cxoro, B. HW. Koxngzpamosa wu JI. Jl. Kyapasuepa npn MatemaTuyeckoM HE- 
crutyte AH CCCP. Teopemp 1, 4 » 6 ApyrHM MeTOJOM B HECKOJIbKO HHOK 
topme He3aBHCHMO 4 OJHOBpeMeHHO nosyuenb! C. B. Ycnencku (1). 


MocwopcKu MH KeHeEpHO-*u3hyecKHl Ilocrynu0 
MHCTHTYT 5 I 1960 
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Messenger of Math., 57, 12 (1928). %®C. B. Ycneuckuii, MAH, 182, Ne 1 (1960). 
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Jlokxagn Akagemun nwayk CCCP 
1960. Tom 132, Ne 3 


MATEMATHKA 
10. H. JIKOBAY 


NOUTH-NEPHOAWYECKHE ®YHKILWM B CHEKTPAJIBHOM AHAJIH3E 
ONEPATOPOB 


(ITpedcmaeneno axademuxom B. H. Cuupxosoim 28 I 1960) 


Hactosmaa 3aMeTKa MpuMbiKaeT K pa6oTe (*) HM HMeeT eJIbIO MpoJeMoH- 
CTPpHpOBaTb OOULyIO CXeMy IIPHMe€HEHHA TAPpMOHHYECKOLO aHaJIH3a K CIEKTPaJb- 
HOH TeOpHH oMepaTOpoB Ha MpHMepe OfHOrO Clilel|HaJIbHOrO KJlacca OlepaTOpoB 
B OaHaxOBOM MpocTpaHCcTBe. 

PaccMoTpuM BHOHeE HeMpepbIBHbIi MHMHEHHEI onepatop A B cua6o non- 
HOM ((7), crp. 121—124), B uacrHocTu, B pedJIeKCHBHOM OaHaxOBOM Ipo- 
crpanctBe. IIpeqnoyox*«HM, TO * 


E,=., sup. le nlcciose (1) 


—oo<t<0o 


Bo3bMeM 1060 BeKTOp x HM JHOOOH sHHeHHEIH dbyHKUMOoHan f u OOpasyem 
(pYHKIMIO 


‘fe(Q)=f(ENx) (~0 <t<o). 
Jlerko Buyetb, uTo f,(¢) — mouTu-Mepwoguueckad cbyHkuua (nm. n. cd.) Bopa**. 


TlelicrputembHO, BO-nepBbIx, B cHuly (1), f(t) orpaHMueHa, BO-BTOPbIX, ee Mpo- 


W3BOHad eCTb 1. 1, )., Tak Kak JA smOOO MocesOBaTembHOCTH {hg}p--4 
BeLIeCTBEHHBIX UHCes CemMelicTBO (PyHKUH 7 


fe(t + hy) = if (4! APA" x) 


KOMMaKTHO B C(— oo, oo) B cuuly (1) H NONHOM HeMpepbIBHOCTH OnepaTopa A. 
Ornecem (byHKunu f(t) ee pat Dypbe — Bopa 


fx(t)~ Dien (x; f) ef, (2) 


Koadduinextsl pafa (2) BbluucaatoTca No dopmyse 
ee 
ea —int 
€) (%T) pu oy \ ic(Lyen a. 


aA, 


M3 KOTOpOH Cc yyeTOM claOOl MOJHOTbI MpocTpaHcTBa BbITeKaeT CYLIeCTBOBA- 
Hue claOoro npeyena 
ft 2 
Se ee i At p—int 
Fao a WI \e ALANS Tis (3) 


T-0o tr 


* Tax storo poctatouno, yTo6nt || Ry || <1/|ImA| npw ImA=£0 ((8), erp. 289—294). 
** Bee Hcmoub3yemMble B 3aMeTKe TeOpeME! O TI. I. @. H3/I02%KeHHI, HallpaMep, B MOtH®- 
rpapun (4), : 
518 


Onepatop P,— smHelinpl orpannuenuniit, ||P) ||<Ea, mpyuem: 


a) AP) — PiA — Pr3 
D)VSCuue AT WRF tO Pi =O, 1: 
OPP iP iO, ae 


CpolicrBo a) Nosyuaetca u3 PopMy JBI 


T 
\ (ef At)’ et dt 


=—T 


T 
AP, = P,A= lim. \ eft Ae dt ==" lim aa 
<r T->0co 2Ti 


T >0o 2T 


MHTerpHpoBaHveM No’ uactamM. Jina QoKa3aTenpceTBa cBolicrBa b) pocTaTOuHO 
3aMeTHTb, TO, ecmH Ax—=px, To e4ty = ety, w* gaTem IIpHMeHUTb (pop- 
mysly (3). Hakonen, c) BbiITreKaeT HenocpeycTBeHHO u3 a) ub). 

Mb! BuZHM, UTO ONepaTop Pa, NpoeKTHpyeT Ha NMomMpocrpaHcTBO pelwenui 
ypapHenun Ax = dx. Ilostomy, ecm {h,}%_1] — MOCJIeMOBAaTeJIbHOCTb COOCTBeH- 
HbIX 3HayeHHH onepatopa A, TO P, =O npH A==d,g. Tenepb Bo3HHKaeT cop- 
MaJIbHoe pa3JioxeHHe 


lee) 
x~ >) Px (4) 
k=1 
IIPOMSBOJIbHOrO BeKTOpa X MO COOCTBEHHBIM BeKTOpaM onmepatopa A. IIpu 
3TOM, OYUeBHHO, 


Ax ~ »; hePr,X- (5) 


k=1 


Uni nosyueHHaA HeEPOpMaJIbHbIX pe3yJIbTaTOB JOCTaTOUHO MpHBJIedb TeO- 
peMy MONHOTbI TeopHH nl. 1. ~. H TeOpeMbl O CYMMHpyeMOCTH HM CXOJHMOCTH 
pagop Pyppe—bBopa n. nu. cd. Ipuspeyem npumeppi Takoro poda pesyIbTaTOB. 

1. Cucmema codcmeéennelx eekmopos onepamopa A noana. 

JlelictBuTeIbHO, NycTb (yHKWHoOHaT f aHHyIMpyeTcA Ha BCeX COOCTBeEHHbIX 
BeKTOpax oMepatopa A. Torga u3 (2) B CMY TeOpeMbI MOJHOThI TeOpHH 
fm. i, cd. cnezyer, aro f,(t)=0,. Tlonaraa ¢ =O, nonyuaem jf (x)= 0, Tire. 
P= 0. 
2. PopmanbHoe pasroncenue (4) OOHOZHAYHO ONpedenanem eeKMOp Xx. 

JleHcTBUTeIbHO, eCJIM BCe YWIeHb! pAyla (4) paBHbl HYJIIO, TO Tak %Ke Kak 
M Bbllue, nosyuaetca, uto f(x) =O yaa mo6oro dyHKuNOHata f, T. e. x = 0. 

3. O6o3Hauum 4epe3 


(Opici =i, 2 eerie 2 one etm) (6) 


mampuyy Koappmuyuenmoe sdep Peiiepa — boxnepa, coomeemcmeyrouyux cnex- 
mpy onepamopa A mak, “mo One omeeraem noKasamesto hp. Toeda pad (4) 
CUAbHO CyMmMupyemca memodom (6) K BexmopYy x. 

JlelicTBuTebHO, B CHJIly CyMMHpyeMocTH psa (2) K fx(¢) MeToqomM PeH- 
epa — Boxuepa MocvieqoBaTeIbHOCTb OMepaTOpoB 


k 


Qn — D>) Ont Pr, 
k=1 


ca60 CXOAMTCA K eqHHHUHOMy ONnepaTopy E. Kpome Toro, Aa Kak Zoro co6- 
CTBCHHOrO BeKTOpa x 
Qnx aa Onex 


* Orcioga Ke BUJHO, UTO COOcTBeHHEIe 3HaYeHHA oMepaTopa A BellleCcTBeHHEI. 
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re 


IIpH JocraTouno Gombumx n, Tak kak One ae 1, TO Ha MJIOTHOM BO BCeM IIpo= 
> 
CTpaHCTBe JIMHeHO OOOI0UKe COOCTBCHHBIX BeKTOPOB 


lim || Qux — x || = 0. 


CnelonatesibHo, Q,—>E cubHO. 

4. Ecau coOcmeéennole 3nauenun onepamopa A apudmemuuecku auneuHo 
Hesaeucumbl, mo psd (4) CuAoHO CxOOUMCA K BeKMOpYy xX, M. e. cobcmeennole 
noOnpocmpancmea onepamopa A oOpa3syiom Oa3uc Npu NpouseoAbHOU HYMe- 
payuu coOcmeenHolx 3Ha4eHUll. 

JletictsutembHO, pay (2) B 9TOM cuyuae aOCOMIOTHO CXOJMTCA K fc (OM 
Tlepexon oT cia6ofH CXOMMMOCTH K CHJIbHOM OCYUIeCTB/IAeTCA AaHaJIOTMNHO 
TIpe bILyUIeMy . 

De ECA 


co 
SAS Cos 
k=1 
mo ps0 (4) cuasHo cxodumca K x Ona KarCO020 «ucmoKOObpasHO npedcmasu- 


Mmoz0o» eeKmopa x, mM. €. OAA Ka2cO020 BeKmopa Buda x = Ah. 
JlevicTBHTeJIbHO, ecIH x = Ah, TO 


a » Ae Po,h, 


k=1 


M OCTaeTCA yueCcTb, 4TO AA mOGOro dyHKuUMOHaa | 


co co 
Dif (Pah)? = Derg (As f) P< ce. | 
k=1 k=1 
{ 
XapbKOBCKHH TrocyapCTBeHHbI’ yHHBeEpCHTeT Hocrynuao 
um. A. M. Toppkore 26 1 1960 


WHTHPOBAHHASA JIATEPATYPA | 

110. H. Jl 6-4, B. HW. Manaes, JAH, 131, Ne 1 (1960). 9 C. Cc. Banage 
Kypce dbyHkuMouambHoro aHanisy, 1948. 33. Xuana, DynKuMoHabHH aHamus Hu nowy- 
rpynnp, WJ], 1951. 4B. M. Jlieputrau, Tourn-nepnoguueckue dyyKunH, M., 1953. 


Hoxnane Akagemun wayx CCCP 
1960. Tom 132, N 3 


MATEMATHKA 


Aa. A. MAPKOB 


OB AJIPABHTHOM KOAMPOBAHHH 
(ITpedcmaseneno axademuxom M. B. Keadouuem 16 I 1960) 


1. PaccmatpuBaetca Bonpoc 06 ycmOBuax B3aMMHOM OHOSHaNHOCTH KO- 
AMpOBaHHA CJIOB HEKOTOpOrO a(paBHTa Mp MOMOMIM 3aMeHbl Kako OyKBbI 
/HEKOTOPHIM CJIOBOM TOTO %e UM Kakoro-HOO Apyroro aumdaputa. JloKa3pi- 
jBaeTCA, YTO B OOUIEM Clyyae 3ayaua CBOAMTCA K aHanOrHuHOM s3afaue Ana 
icnyyad KORMpoBawuA TOli 2%e CHCTeMOM COB KOHEYHOrTO MHOxKeCTBAa COB 
sToro aiaputa. YcTaaBJIMBaeTCA HeEOOXOAMMOoe MU OCTaTOYHOe ycIOBHe B3a- 
MMHOM OJHO3HAYHOCTH, a CJICJOBATeIbHO, M BOSMOXHOCTH OOpalleHua onepa- 
TOpa, OCYULeCTBJIAIOWero KOJUpOBaHHe. 

| 2 Ilyctb Y: {ay,..., Gm} — HEKOTOpbIM andaBuT c ocHOBaHHeM mu S (Y} — 
'MHOXKECTBO BCeX CJIOB H3 OyKB aTOrO audaButTa. Kayo OyKBe a;€% co- 
‘MocTaBUM HeKOTOpoe HellycToe COBO u; 43 OyKB amdpaBuTa @: {b,,..., 0,}, 
|OBITh MOXKET TOTO %Ke caMmoro, Tak uTO u;ES(%). Torgqa Kaxyomy cuosy 
Q;,...a;,6S(U%) coorpercrByeT OHO M TOKO OHO CJIOBO Wz... Uz, ES (B). 
Cuctema cy0B Ul: {uy,..., Um} MopomaeT oTOOpaxenve mHOxecTBa S (2M) 
B MHoxecTBO S(%), BEizenmomee B S(B) noxmnoxectBo Sy (B), Kaxkomy 
COBY M3 KOTOpPOrO COOTBeTCTByeT MO KpaiineH Mepe OHO cul0BO H3 S (2%) 
(B YaCTHOCTH, MOXKEeT ObiTb Sy (B) = S (B)). Dro oToOpaxenne, B coorser- 


CTBUM C TeEpMHHOJOrHeH, NpHHATOH B (1), OyZeM Ha3biBaTb asdaBUuTHBIM 


KORuUpoBaHHeM. Bcsakoe KoHeyHOe NosMHOxecTBO S (%) MHOxecTBa S (J), 
Ha3bIBaeMOe CJIOBApeM, pH NOMOWM cucTempI Ml, KOTOpy!o MbI OyyeM Hasbl- 
BaTb KOAUPYWMeH CHCTEMOH COB, OTOOpaxkaerca B KOHeYHOe MOJ- 


MHO2KECTBO So (S) MuoxectBa Sy (%), oOpasyioljee CJIOBapb KOMOB CJIOB 43 


5 (%). Jimmy caopa « Oyfem oOo3HauaTb / (a); cOBapb, COCTOAMIM 43 BCex 
cnos S (2), juHa KoTOppIx He mpepocxogur N,—uepes S” (9). Tycrs 
I (uyUg...Um) =n. PaccMoTpaM BCeBO3MO2%KHbIe COOTHOUIeHHA Bua uj;e = 
= Pu;,...u;, Takue, ITO O</ (a) <1 (u;,) mw 2 — Hemyctoe cioBo, u O6osHa- 
uM MaKCHMyM k nO BCeM BO3MOXKHBIM MpefcTaBJIeHHAM TaKoro pola uepes K. 

3. Teopema 1. Anqasumnoe Koduposanue cucmemoti U seasemca e3a- 


N 
UMHO-OOHOSHQAUHOIM UAU Hem emecme C KOOUpoeanuem eto caoeapa S” (UU), ede 


i se one is = , a ynkyua 8(p) onpedeasemca pe- 


Kypcuenolimu coomnowenusmu 6(0)=0, (p+ 1)=1—s(p). 
‘Jloka3saTeabcTBoO. Odo3sHauuM % MHOXKeCTBO BCeX COB U3 Sy (¥),- 


KOTOpbie HMCIOT Goslee OfHOrO Mpoobpasa B S(Y%). CnoBpo a F HasoBeMm 6a- 


—5(n—m) 


3UCHBIM, eCJIM OHO MMeeT No KpaliHeH Mepe WBa NpooOpasa B S(M) a;,... A, 
M aj,...aj;, Takue, YTO HM AA Kakux p wv, 1p <k, 1<v <1, He umeet 
MECTA Uj,-+- Us, = Uj. + Uj, MuoxecTBo G6a3HCHbIX CJIOB OOo3sHayHM [%]. 


OuyepuHO, YTO BCAKOe COBO M3 % MOXKeT OblTh MONyYeHO M3 Oa3HCHbIX COB 
M cJIOB, HMeroluluxX He Oosee oOAHOrO MpooOpasa B S (%), HCHObSOBaHHeM JIMIIb 
onepalHH CoeqMHeHHA (T. e. MIpHMMCbIBaHHA OfHOrO K ApyroMy B HeKCTOpOM 


3 JAH, vr. 132, Ne 3 524 


nopsayKe). Mbt mocrpovM crlelWanbHy!O KOHCTpyKIMl0O, HasbIBaeMylO UCT OY) 
HUKOM, mopoxfawmyo B TouxocTH [%], B MpeANoNoxKeHuu, ATO a Hel 
mycto. AnajlorvuHad KOHCTpyKUMA UCMOMb3yeTCA ANIA ONMCaHMA ABbIKA’ 
B CTpYKTypHOM JIMHPBMCTHKe KaK TpaMMaTHKa C KOHCYHBIMM COCTOAHMAMH (7 

Ilyctb 9—HaGop, T. e€. HeyNOpAMoveHHaA COBOKYMHOCTh, B KOTOPOH BO3-! 
MO2KHO MOBTOpeHve OOBEKTOB, BCeX KOHILOB COB U3 WU (cuHTaeM, YTO COBO 
He SBJIMCTCA KOHUOM CaMoro ce6a), CcomepxKaunit mycToe cnopo A B kaue- 
eTBe cBOero SuleMeHTa. SN comepxuT n — m- | saementos, OTMeTHM mperxk]e! 
Bcero, TO, eclH ¥ HE MycTO, TO MMeeTCA TaKas Mapa CJIOB UW, H u; BU, YTO OMHO 
M3 HUX ABJseTCA Hayasiom Apyroro. MuoxectBo nap cuioB u3 Ul, oOsmayalo- 
INHX 9THM CBOMCTBOM, ONpefesseT MHOKeCTBO RC M KoOnWOB cop us U,, 
oTOpacbIBaHHe KOTOPbIX OT COOTBETCTBYIOWIMX COB AaeT Tak%xKe CNOBa U3 U. 
KoucrpyKkuua mpefctaBiseT coGo# KOHe4HbIH OpveHTHpoBaHHBI rpa (°), 
umerouuli n—m-+ 1 BeplwMH, KaxxOH U3 KOTOPbIX COMOCTaBJIAeM OHH HM 
TOJIbKO OJMH QJIeMeHT U3 SN, HM HAKAKMM JBYM Ppa3JIMYHbIM BeplwIHHaM OJ\MH. 
WH TOT Ke 91eMeHT He comocTaBseTca. BepuimHy, cooTBetcTByroulyio A, cuH- 
taem l-ii, or 2 70 p+ 1 HyMepyeM BepUIHHbI, COOTBETCTBYIONIMe 3JIEeMeHTaM 
uz ® (p—uuclo suleMeHTOB B §&), OCTaIbHbIe HyMepyeM MNPOH3BOJbHO OT 
p-+-2 no n—m-+1. Bepuimna | coequHneTcd peOpamH c KaxkKJOH us 
2, 3,..., p-- 1, opwentupopanHpimu oT | kK i, 2<iqp4+l. Kaxgomy 
peOpy (1, é) npunucpipaem coBo u3 U, ABAIOIMeecd Ha¥asIOM COBa, ompe- 
JIeAtoulero JeMeHT U3 RK, COMOCTABJICHHbI 7. 

Ilyctb EM. M3 Bcex COB u;,...Uz,, HA KOTOPbIX &% ABJIAeTCA Hava- 
JIOM, paccMoTpHM TakHe, TO L (U;,...U;,) 1 (a) > 1 (uz... U;,_,)» # OOO3HaYHM 
€ (x) MHOXKECTBO TeX SJIeEMCHTOB U3 I, KOTOPbIe ABJAIOTCA KOHWAMU U;,, Nosy- 
yaeMbIX BbIYCPKUBaHHeM H3 Uj,...U;, MepBbIx (a) OyKB. Ilycrb Bepuimua, 
COOTBETCTBYIOMaA %, eCTb j. Bepumuy j coeluHsemM peOpamu, OpHeHTHpoBaH- 
HbIMH OT j, CO BCCEMH BePLIMHaMH, COOTBETCTBYIOUIMMH 93JIeMeHTaM 43 G (a), 
M KaxJOMy MpumucpiBaem ciopo a. Ilocrynaa Tak C KaKJbIM 3JIEMeCHTOM!' 
u3 M9 HW COOTBeTCTBYIOWeH eMY BePUIHHOH, Mbl MOJIYYHM BCe CBH3H, HMelO- 
IlWeCA MexKJly BepluMHaMM pada — MCTOUHHK C KOHeEYHbIMH COCTOAHWAMH. | 

ByeM TOBOpHTb, YTO BCAKaA MOCNeAOBATebHOCTh BEPIIHH BUA fo, i1,... 
coy tea, dg, 1, THE ig = 1, EI, T= '1, 2,..., k, a i Wy CoeqMnenm 
peOpoM, OpHeHTHPOBaHHbIM K i741, 1=0, 1,..., k, onmpenenser equncTBeH- 
HOE CJIOBO, KOTOPOe ABMACTCA COCTHHEHHEM COB, IpHNUCaHHEIX peOpam (1, iz), 
(ix, ig),---, (4x, 1) B TOM %e MOpAyKe, B KOTOPOM 93TH peOpa pacnosaratoTca 
B MOC/eJOBaTebHOCTH. Taky10 MocJleoBaTeJIbHOCTb Ha30BeEM Ip ABH bHON, 
unciio k—ee RauHot. Ecamu a;,...a,, W j,...@;,— Ba NpooOpasa COasuc-' 
HOO CJlOBa, TO 3 MOCTPOeHHA MCTOWHHKA CJeLyeT, YTO STO COBO MOpoOx-' 
WaeTCH HEKOTOPOH NPaBHJbHOH MNOCeLOBaTeIbHOCTbIO BepwwHH. O6parHo, 
MYCTb to, 1,-++, te}y—UPaBUJIbHaA NOCMELOBATebHOCTD BepluwH UM Mopox- 
MaeMoe C10 COBO ECTb Oo%,..+ %, THE COBO a MoporxwfaeTca peOpom 
(iy, iv4,). Tak Kak &,E€, To cyllecTByioT JBa cu0Ba U;, uj;@ll Takue, 4To 
Ly = Uz, %o% = Uj, M CTPOUTh MpooOpas B S(U) No anno nNocneqoBaTeb- 
HOCTH Mbl MOXKeM JBYMA CMocoOamMu: HauWHaA c mMOOoro M3 COB U; MIU Uy; 
mpvueM 3TH JBa Mpoodpa3a OyyT pasnnuny, uOo u;=-u;. [na toro UTOOBI 
NOKa3aTb, UYTO MOPOKMaeMOe COBO eCTb Oa3HCHOe, 3aMETHM TOJIbKO, UTO 
MpOWecc NOCTPOCHHA MpaBHIbHOM MOCMeOBAaTeIbHOCTH, KaK 9TO CuelyeT U3 
OnpefevieHHA HCTOUHMKA, MOXKET MpofomKaTbes Ha J-M ware JMIb MpH yeuo- 
BHH, YTO COBO, COOTBETCTBYIOIee f;, MOXKET OMPefeNMTh HeKOTOPHIii Henyc- 
TOH KOHell OfHOTO M3 cOB Ul: B NpoTHBHOM csyuae t444= 1 unu i; He aB- 
JIA€TCA OTMCYCHHBIM KOHILOM HH [WIA OHOrO peOpa, T. €. Mpolecc mv60 3a- 
KaHUMBaeTCA, JIMOO He MOXKeT ObITb NpomomKeH. A 93TO H O38HaUaeT HeBO3- 
MOXKHOCTb PaBeCHCTBA Ujlj,...Uz, = Ujllj,...Uj, WH Id Kakux s u f, 


CTpOrO Me€HbUIMX JVIMH COOTBETCTBYIOULMX Mpoo6pa3so0B nopoxaemoro cwloBa 
> 


T. @. 3TO COBO OasHcHoe. Takum o6pa30M, MHO2KeCTBO CuOB, MOp 02K aeMbIXx 
MOCTPOCHHbIM HaMH HCTOYHUKOM, ecTb [FI]. 
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, Ecau % ne nycto, To umeetcaf no Kpalineit Mepe OJMH 3aMKHYTBIM KOH- 
yp, UpOxolsmyi vepes Bepmuny 1, a cneqOBaTenbHO cyllecTByeT KOHTYp 
e3 CaMOnepeceuenHh, MpOXopsMMh yepe3 STY BepluNHYy. STO o3sHayaeT, YTO 
ylecTByeT Oa3NCHCe CJIOBO, NOpOxXMeeMoe NPAaBMJbHOM NOCNENOBATeMbHOCTHIO 
JMHbI He OoubWeH n— m. 


eavetan, <0 peopa (ly 13); (es teh: (dy loi41),... HeCyT Ha 
eOe cCJlOBa, Kaxfoe H3 KOTOPHIX Mp Mepexone K MmpocOpasy faer He 
ojee OMHOH OyKBBI, a peOpa (ii, ig), (is, ta),.--, (ior, igz),...— He Oomee 


K OykB us YM pA ofHOoro us mpocOpasor, a Asuna pyroro He 
OXKeT ObITh CoNbWe ANMHbI NepBoro, HaxXOJuM, uTO ecnM % He NycTO, TO 


yulecTBy!OT MO Kpalineli Mepe yBa cuioBa B S (Ql) AHH He Oomee K E = *| “be 


eve TY (hn tty (ee 1) K—t1 
ee ee ers 


5 m) , oTOOpaxkaeMble B OMHO U 


TO Ke COBO U3 Sy (B), weM HM OKa3aHO YTEepxXeHHe TeEOpeMbI, MpHuem 


B TIpolecce MoKasaTeJbCTBa MbI NOJYYNIH UCTOUHNK, NOpoOK awww Bce MHO- 
PKECTBO Oa3HCHBIX CJloB [%], KoTOpoe camo mo ce6e mMpescraBsaerT wHTe- 
pec, “Orga KOAMpoBaHHe He ABJIACTCH B3AMMHO-O2HO3HAUHbIM. 

4. J\nai MNpaxTnueckoro peleHua BONpoca oO B3aHMHOM OHO3SHAaUHOCTH 
KOJMpOBaHHA reoMeTpHyecKoe MOcTpoCeHve HeYMOOHO H3-3a eFO rTpPOMO3AKOCTH. 
Topa30 mpomle nocTpovTb MaTpully cBxA3eH (°) omMcaHHOrTO OpHeHTHpOBaH- 
Horo rpada ||a;; ||, NOO#xXNB, ONHAKO, a;; = 0 Aaa Beex1!, lmi<n—m+l. 
B cayuae, ecu § COepKUT OWHAKOBbIe 2JIEMCHTbI, OTOXKECTBAeM BCe Te 
BepluHHbl pacha, KOTOPbIM COOTBETCTBYeT OHO UH TO xe culoBO. IlycTb 4ucrO 
BepluHH MOJyyeHHoro rpada OyzeT T<n—m- 1. Ouenka B Teopeme | 


T+414 
'B STOM cylyyae MOXKeT ObITb NOHMKeHAa, a UMeHHO N = K 7 |-37. Ha 


OCHOBaHHH jlOKa3aHHOM TeOpeMbI H TeopembI 4 u3 (°) MBI MoxeM copMyvIH- 
PpOBaTb auaNHTHYeCKHH KpHTepul B3aMMHOH OHOSHAUHOCTH aupaBMTHOTO, a 
CNeNOBAaTebHO, HM JO6Oro COBapHOrTO KOAMPOBaHHA, a HMCHHO MMeeT MECTO: 

Teopema 2. Jun moeo umo6bel cucmema ll ocyiwecmeasna e3sauMHo- 
OOHOBHAUHOe KOOUpOeaHue, HeoOxodUMO uU CocCmamo4HO, 4Mobol 


a 


» Qn |i 74 la = 0. 
f=1 


30eco | Aj; zir |p, = >) Gri Aixi, ++ i,1, 20 CyMMUpOBaHue Npouseodumca no ecem 


PABMELUICHUAM iziy...i,, r=O0, 1,...,T —2-Keasumunop* mampuypet || Q;; |\. 
VUccaenopaTebcKuit (pH3HKO-TeXHHYeCKMM WHCTUTYT Toctrynuso 
Topbkopckoro rocyapcTBeHHOro yHMBepcHTera 12 I 1960 


um. H. HW. Jlo6ayepckoro 


IMTHPOBAHHAA JIMTEPATYPA 


1J1.H. Koposes, JIAH, 118, Ne 4 (1957). 2N.Chomsky, Inf. and Control, 
2, Ne 2, 137 (1959). %T.H.Wosapos, YMH, 11, B. 5 (71), 195 (1956). 


* OTHOCHTebHO BbIUHCIeHHA KBa3HMHHOPoB cM. (*). 
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Jloxxagn Ankagemun nayrx CCCP 
1960. Tom 132, Ni 3 


MATEMATHKA} 
A. C. MAPK YC 
© BA3HCE W3 KOPHEBbIX BEKTOPOB JMCCHMATHBHOFO 
OMEPATOPA * 


(I1pedcmaeaeno axademuxom A. H. Koamoeopocoim 21 I 1960) 


Ilycrp A — mnueitupiit oneparop, AelicTBy10llnii B CellapaOesIbHOM THJIbOepToO- 
BOM MpocrpaHctTBe §. Bextop % HasbiIBaeTCA KOPHEBbIM BEKTOP OM Onepa-¥ 
Topa A, COOTBeTCTBYIOWIHM UMCIy A, ECM CyMlecTByeT TakOe HaTypaJIbHOe 
yucio n, uro (A —X/J)’x = 0. MuoxectBo ©, BceX KOPHeBbIX BEXTOPOB olle- 
paTtopa A, oTBeyaloulux uucy 4h, HasbiBaeTCH KOPHEBbIM AHHEATOM 
(HIM, ECM OHO 3AMKHYTO, KOPHEBLIM MOAN POCTpaHCTBOM) OnepaTopa § 
A, COOTBeTCTBYIOWMM 4ncTy h. Onepatop A Ha3biBaeTCA WHCCHNATUBH DIM, | 
ecm Im(Ax, x) >0 aaa Bcex x€Dz. 

B cratpe b. P. Mykmunopa (1) ObliH yka3aHbl JOCTaTOUHbIe yCNOBHA 
TOO, YTO CHCTeMa COOCTBeEHHBIX BEKTOPOB JMCCHMaTHBHOrO OMepaTopa ABJIACTCA ¥ 
6asucom Pucca (7) cBoeH 3aMKHYTOH smMHeHHOH OGonouKu. VW. M. Ta3maun. 
(*) momyuHsl SieMeHTapHoe (He HCMONb3ylOllee TpeyrO/IbHOH MOjeM AucCcH- | 
MaTHBHbIxX onepatopoB M. C, Jlupmuta) Joka3aTesIbcTBO 9STOTO pe3syJIbTaTa 
TIpH MeHee OFpaHHUMTeJIbHBIX YCNOBHAX. B HacToOAeH 3aMeTKe yKa3bIBaloTCA 
HeKOTOpble YCJIOBHA, MPH KOTOPbIX JIMCCHMATHBHBIH OnepaTop WMeeT Oa3Hc U3 
KOPHEBbIX BeKTOPOB. 

1. B qanbHetiiuemM HaM moHaqOOuTCA NMOHATMe Oa3sHca U3 NOmMpocTpaH- 


ctpa (4). IlocneqopatesbuocTh {M,};> HeHyseBbIX MOMMpoctpaHcTB HasbIBaeTCa 
6a3uCOM MpocrpanctBa §, ecuH m0O0H BeKTOop x €$ eMHCTBeHHBIM oOpa- 
(ee) 


y 


30M lpescTaBJineTCA B Buse pala x = y Xe, THE XpE Ny. Ec mognpocrpan- | 

k=1 | 
cTBa Mt, MOMapHO OPTOFOHAaJIbHbI,TO 6a3Nc HasbIBaeTCA OPTOTOHAbHbIM.ECHM 
WIA MOCHeNOBaTebHOCTH MOANpocrpaucts {Nz}; cyulecTByeT TakOl MHHeHHBIM 
OFpaHH4eHHbIH HelNpepbIBHO OOpaTHMbIli onepaTop A M Tako OpTOroHa/bHbI 
6asuc u3 NoxmpocrpancTB {Mz}, uro AN, = Mz, TO, oueBuTHO, {M,}S° aBaa- 
etca Oasucom. Hasopem ero 6a3ucom Pucca. Ilonatue 6a3uca Pucca 
OblIO BBeJeEHO HM HcCNeqOBaHO JIA BeKTOpHDIX GOa3sHcop H. K. Bapu (2). 
Basucbt Pucca 43 Mog_mpocrpancts paccmatpuBauch M. K. ®are (*) (on Ha- 
3bIBaJI HX cipsAMssembiMH). IIpH nomomm pesybTaTop cratpu VW. M. Tenp- 
cbanya (°) 6e3 Tpyqa MOXKHO yCTaHOBHTb, 4TO 6a3HC M3 MosMpocrpaHcTB 


TOorga M TOJbKO Tora 6yweT Oa3ncom Pucca, Korga m106aa ero TlepecTaHOBKa 
TAKXKe ABJIAeCTCA Oa3HCOM. 


TloceqoBaTeAbHOCTh HEHYJeBLIX NozMpocrpancrs {M,}"° OyNeM Ha3bIBaTb 
co 


@-IMHeEHHO He€3a4BUCHMOHM, ecaH 43 paBeHcTBa > Xp = 0» (4p @ Mz), Ces 
jit 
ayeT, uo x, =0 (k= 1, 2,...). Tlocnenopatenpuocth HeHYJICBbIX MOMpo- 


* PesybTaTbl HaCTose'l saMeTKH JOKMa_bIBAaNHCh aBTopoM Ha BcecorsHoit 
WMH 10 (PyHKUMOHAIbHOMY aHaM3y MU ero MpMMeHeHHAM B Baky B ceuTa6pe 1959 
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KoHdepeH- 
Tr. 


cos p (MR, M) = sup | (x, y) |: 


xEM, yert 
|x|=|y|=1 


OTMeTHM, TO BCAKad OTeNUMaA TocneoBaTeDHOCTh © NOAMpOcTpaHcTB 
ABJIACTCA @-JIMHEHHO H€3aBHCHMOH WM UTO BCAKHU Oa3uc OTeENUM. 


J[pe noculeqoBaTesbHOCTH NOJpOcTpaHcTB {NIP u {Mz} OyeM HasbIBaTb 
KBalpaTH4HO ONU3SKUMH, ecan 


ee) 


> |Pe— Qe? < 00, 


k=1 


rye P, (Qe) — OpTOroHabHbI MpoeKTOp Ha NMopnMpocTpaHcrTBo Mz (Nz). 
| Cuenyromas tTeopema mpefctaBiaeT coOof anasor usRecTHOl TeOopeMbl 
H. K. Bapu (*) 06 ycrotunsoctu opToHopmupopaHHblx 6a3Hcos. 

Teopema 1. Omdeauman nocaredoeamencnocme nodnpocmpancme {N,\\°, 
KeaOpamuuHo OAu3sKaA K HeKOMOpPOMY OpmozoHAanoHOMYy OasUucy {Mp}, 16- 
asemca Oasucom Pucca céoeti 3amKHYymoti auHetinot OOOAOCUKU. 
| 3aMeTHM, 4TO B OTJIMUHE OT BEKTOPHBIX 6a3icos, paccmoTpeHHblx H. K. Bapu, 


MocmeqoBaTebHOcTh {MN,}$°, Boobme TOBOPA, He ABJIACTCH NMOMHOH *. 

Basnc 43 NOMMpOcTpaHcTB, KBalpaTHuHO 6M3KHii K HeKOTOpOMy OpToro- 
HaJIbHOMy Oasucy, OyqeM HasbiBaTb Oa3sucom Bapn. I[lonatue 6as3uca 
Bapv 6bl1I0 BBefeHO HM UcceZOBaHO WIA BekTOpHbIx GasucoB M. T. Kpeiituom (8). 

Teopema 2. Ecau noanan omdenuman nocaedogamenonocmo nodnpo- 


cmpaxucme {R,}\. yOoenemeopaem ycrceuto 


co 
Dd} cos*g (Mj, WR) < 00, (1) 
j, R=1 
e/#k 
mo oxa seanemca 6asucom Bapu. 

Sta TeopeMa ABJACTCH UACTHUHDIM OCOOUleHHeEM KpHTepHa JIA Oasuca 
Bapu us sextopos, mosyuenHoro M. TI. Kpetuom (8). B otmmuve oT BeKTOp- 
HbIX OasucoB, ycioBne (1) He ABJIAeTCH HEOOXOJMMBIM, ake B Cilyyae, Kora 
nogmpoctpauctBa M, (k = 1, 2,...) KoHeuwHOMepHpI **. 

SameTuM, 4TO ecIM NOLmpoctpanctBa M, (k= 1, 2,...), CurypHpyroume 
B Teopemax | u 2, MpeqlONaraTb KOHEYHOMepHBIMH, TO YCIOBNe OTLeJHMOCTH 
MOXKHO 3€MCHHTb YCJIOBHEM @-JMHEHHOH HeSaBHCHMOCTH. 

Ecau nocjeqopaTesibHocTb Mogzmpoctpancts {,}7° aBsseTcaA Gasucom Pucca, 
TO, OUeBHIHO, OObeMHeEHHe OPTOHOPMHPOBaHHbIX Oa3HcoB NOANpPOCTpaHcTB 
MN, (k= 1, 2,...) aBuimeTCcA BeKTOpHbIM Oasucom Pucca. Ecam xe mocnenloBa- 
TeJIbHOCTh {Mz}; eCTb GOasuc Bapu, TO, kak JlerKO BMJeTb, MOCeOBaTeVIb- 
HOCTb BeKTOPOB, COCTABJICHHaHd 3 OPTOHOPMMPOBaHHEIX Oa3HCOB Noslpo- 
cTpancTs 2, (k= 1,2,...), OymyyH Oasucom Pucca, He sBsAeTCA, BOOOIE 
rorops, 6asucom Bapu. YxKaxem OfHO JocTaTouHoe ycioBMe TOTO, TO yKa- 
34) Has MOCAeIOBATeIbHOCTh BeKTOPOB OyzeT Gasucom Bapu. 


* Ecau scel fnoynpccetpanctea Nt, KOHeYHOMEpHbI mw idim 2, = dim M, (k= 1,2,...), 


TO MocmeoRaTeNbHOCTh {It,}$° SyAeT nowHoH. 
** Yenopue (1) OymeT HEOOXOZMMEIM, HalpuMep, CCIM pasMepHOCTH BCex MOAMpOCTPaHcTB 
MN, OrpaHuyeHb! OJHHM YHCJIOM, 
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Teopema 3. Ecau {RQ} —noanas w-aunetino HesaeucuMaA nocredoea- 
MeAbLHOCMb KOHeUHOMEPHOLX NoOnpocmpancme (np = dim RN, < co) u ecau 


(ee) 
>} min (nj, Mg) cos? (Rj, Nz) < 00, 
ih Ail 
[#k 
mo o6seOUHeHUe OPMOHKO PMU posaHHolx Oasucoe noOnpocmpancme Nz (R=1, 2, ...) 
neasemca Oa3ucom Bapu. 7 
2. Tlycrh } — co6cTBeHHoe 3HayeHHe JIMHeltHoro omepatopa A. Uepes va 
6ylem oO603HauaTb KpaTHOCTb COOCTBeHHOrO 3Ha¥eHHA }, T. €. Pa3MePHOCTb 
COOTBETCTBYIOleroO KOpHeBoro NosmpocrpaucTBa G,. Ecau cyukecrByeT Takoe 
HaTypasibHoe wc0 w, uTo (A —A/)* ©, =O, TO HavMeHbillee H3 9THX UNCer 
0603Ha4HM Yepes Ya; B MPOTHBHOM Ciy4ae MOMOKUM pa = 0o. Uncs0 pa Gy- 
eM Ha3bIBaTb MOPAMKOM cobcTBeHHOTO 3HaueHHA 4. SaMeTHM, 4TO eCIIM 
onepatop A 3aMKHyT, TO MOpAMOK wa, KOHeYeH TOorfa HU TOJJbKO Tora, 
Kora ©, sABMAeTCA MOAMpOcTpaHcTBOM. 
Jlemma. Ecau A—Ouccunamuenolt onepamop,  u t—0ea eeo co6cm- 
6CHHOLX BHAXEHUA KONeYHO2O NOpAOKA, mo 


9 V Tah aie Ve al U.—1 
vp, Ima Im t 
cos © (Gy, €.) Sere ery » al St be, 
{=0 k=0 


20e 
th 2 V2 (Hy — 1) Ima b 2V2(%,—1)Im7 
aa = Se a ; SSS SS eee 

l~A—T| |A — tt! : 

Ota JIeMMa ABJIAeTCA OO6O6leHHem oeHKu, mowydeHHoH VM. M. [na3maHom 
(?) Quid COOCTBeHHbIX BEKTOPOB. 

Teopema 4. ITycme A—aunelinold samKnymolli onepamop, o6aadar- 
wull nocredogamenbHocmol0 CcOOCM2eHHDIX BHaYeHUL {he}P (Mee Ay npu k sj). 
Ecau 6einoanenol caedyroujue ycaoeuan: 

1) ASH+iT, ede H —camoconpaxennoul, a T —neompuyameronout 
BnOAHe Henpepolenolli onepamop; 

2) OAA NeKOMOpOoz2ZO HaMYPpanoHoeod n 


y Im A, Im, 
oa a = ? 
(EE BD | 
i#k 
iia Naewclalabie padaom 
j, R00 | >; —Ag| ove 
j#k 


mo nocaedoeamenbHocme COOMBEIMCINBYIOLUUX KOPHEBbLX noOnpocmpancme ° 


co uv y uv uv 
{Gy}; seaaemca Oasucom Bapu ceoeii samKnymoti aunetinoti Qbonouku &, 


2 00B2OUNEHUE OPMOHOPMUPOGAHHOLX Oasucoe noOnpocmpancme ©) ,(R = 1, 2,...) 
o6pasyem 6a3uc Pucca nodnpocmpancmea &. » 

SaMeTHM, 4TO ycroBua 2) uw 3) BHINOMHeHEI, ecuH T — onepatop c koueq- 
HbIM CJI€QOM Hj An—Am|>8>0 (n==m). Sta ycnoBua BLINOMHeHLI TakxKe, 
€CJIM COOCTBeHHbIe YMCA hn MW COOTBeETCTBYIOMUe HM MOpALKH Yr, HMeIOT ¢ Je- 
Aytolly!o acHMMTOTHKy: 


has iE + fat Sn), an ome O (n°), 


rye C—sellecTseHHoe 4cyo, OTMMYHOe OT HYyaa; {rp}$°?—cxonsmaaca xk 
HyJIO MOC€AOBATENbHOCTh BepecTBEHHbIX uHCeT; |s,(= O(n), O>1 nw 
oS U | 
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| 1’) A—orpannuenupili puccunaTuBHblit onepaTop, mpuyuem Bce HeBellecT- 
REHHbIE COOCTBEHHbI€ 3HaveHHA A, HMCIOT KOHCUHBIL NOpAZOK H HH OHO U3 
SUX He ABJIAeTCA MpefeIbHOH TOUKO NoceqOBaTebHOCTH {hy} 
|) 1”) A—samkuyTblf uccunaTuBHbiii onepaTop, mpwuem Bce HeBeLeCTBeH- 
ble COOCTBCHHbI€ 3Ha4YeHHA hy, MMeIOT KOHEYHDI NMOpAMOK HU SBJIAIOTCH M30VIN- 
}POBAHHbIMM TOUKaMM CMeKTpa. 
| Teopema 5. Ecau ebinoanene ycaogun 1) u 3) meopemot 4, a ycaceue 2) 
BAMEHEHO CAEOYIOWUM OONCE CUALHELM YCAOBUEM: 
©O 

F { Imi. Ima 
2") J) Min (Yay Yay) pa jbrg 5 sTiigs 

i, k=n eat) 
j#k 
MUPOBAHHbLX Oasucoe nodnpocmpancme G, (k= 1, 2,...) seanemca Oa3ucom 
Bapu ceoett 3amKnymot aunetinott o60nouKu. 
| OtTmetum, 4To Teopempl 4 wu 5 ocTaloTcH BepHBIMH, ecm yculoBue 1) 3ame- 
HATb CJIeAYIOWIUM: 
| 1”) A—orpanwueHHblH AuccunaTHBHbI OnepaTop, mpHyem Bce HeBelllecT- 
|BEHHbIe COOCTBeHHbI€C 3HAYCHHA A, HME€IOT KOHEYHYIO KPaTHOCTb. 
 SameTuM, 4TO xoTA G6bIIO Obl Gomee eCTeECTBEHHbIM BbIOUPATb B KaK]OM 
/KOPHEBOM TlOJMpocTpaHcTBe Oa3HC H3 BeKTOPOB, OOpa3y!OWlHX KOpaHOBbI 
EIeMOUKU, HO Mp TaKOM BbiOope yxe B cilyyae pa, > 3 (R= 1, 2,...) HuKa- 
Ke yYCJIOBMA, HakJaybiBaeMble Ha YMCA hg, ayy Va, (k= 1, 2,...), He aABqa- 
1OTCA JOCTATOUHbIMH JIA TOFO, UTOObI MOCMEOBaTeJIbHOCTb, MOyYeHHaA OOB- 
/@MHEHHEM 3THX IlemoueK, Oblla Oa3HCOM CBOeH 3aMKHYTOM JIMHEHHOH O60- 
| §oukw. TouHee ropops, KaKOBbI Obl HM Ob CTpeMALadca K HYJIO Mocsejo- 
BaTeJIbHOCTb KOMIVJICKCHBIX nce {a,}~ (Ima, >0) wu mocneqoBaTembHOCTH 
HATYPaJIbHBIX ducen {bp} u {C_}2> Cr > bp > 3, MOXKHO MOCTpOHTb Takol 
BIIOJIHe HEIPepbIBHbI MuCCMMaTMBHEIM onepatop A, 4TO ANA Hero hy = Qe, 
Yr, = bp, Va, = Cz, MW ATO HeJIb3A BbIOpaTb Oa3uca 3aMKHYTOH JIMHeEHHOH O60- 


NOUKH MosMpocrpancts @,, (k= 1, 2,...), ABMAIOWeroca OObeAMHeHHeM 2KOp- 


WaHOBbIX Wemouek. 
Astop BbipaxkaeT OarogapHocth M. I. Kpetiny u VU. Ll. Tox6epry 3a 
| BHHMaHve K HacTOsileli paOoTte M pA, WeHHbIX KPHTHYeCKHX 3aMeuaHHH. 


< 00, mo oOveduHeHUe OpmoHOp- 


i 


} 


Moafascxul) dusmuan Tlocrynuio 
Akajlemuu Hayk CCCP 28 XII 1959 


UHMTHPOBAHHAA JIMTEPATYPA 
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Jloxnagn Axkagemun nayx CCCP 
1960. Tom 132, Ne 3 : 


MATEMATHKA 


B. Il. MAJIAMOJOB 


OB YCJIOBMAX KOPPEKTHOM PASPELUMMOCTH B ILEJIOM 
HEKOTOPOrO KJIACCA YPABHEHHWM C NOCTOSHHbIMU 
KOISOUUMEHTAMH 


(ITpedcmaeaneno axademuxom II. C. Anexcaxdpoeoim 21 I 1960) 


B wacrosliei 3aMeTKe pacCMaTpHBaIOTCA ypaBHeHHA Bua 


p(ix)u=w, (1p 


re p(s) = P(S1,--+) Sn) — MHOrowleH OT Mf KOMMVI€KCHbIX  TepeMeHHEIX. | 
Spe) 4 ties <j<n, He ocOpatiaouulica B HYJb Ha JelicTBHTeMbHOM MHO- 
rooépa3ui, 7. @. Npw t,==...==% =9 (4M .MaTpHila, aemMeHTamu KoTOpoi | 
ABJIAIOTCA MHOroweHbI c det = 0). 

3amaua cTaBUTCA cweqyiouluM oOpa30M: HalTH 3ajlaHHble B TepMHHax 
TulalKOcTH W pocTa Ha OeCKOHeYHOCTH KJIaCCbl E€2MHCTBCHHOCTH HM KJIaCCbl 
MpaBblxX yacteli w, MPH KOTOPbIX CyMlecTByeT pellieHve ypaBHeHHA, YNOBJETBO- | 
psalomlee TeM WIM WHbIM OrpaHHueHHAM, HaJlIOxwKeHHbIM Ha ero pocr. IIpu 
n> 1 BBeleM UNCIO Y— po ypaBHeHMA (CHCTeMbI), PpaBHOe BepXHeli rpaHH 
TaKUX Y, UTO MPH HEKOTOPOM C B OOsACTH 


GA (Rg Rom (oR i el ad <li i 
[o]=|¢p| +e. lenls [eer] ae.. [tal 


MpH floctaTouxo Oosbmux |o| MHorowleH p(s) MposomKaeT He OOpalaTEca | 
B HYyJb*. Jina n= 1 MO%KHO BO BCeM JlabHeHwIem cuuTaTb y= 1. Boo6ue 
HeM3BeCTHO, CyllecTByeT JIM Takan OOulacTb T (Cc, ¥) C Y, PpaBHbIM poly ypaB- 
HeHHA, MOSTOMY B JaJibHeHIemM NO Y Mbl OyeM MOHHMATb JOO0e 4UCJO, 
MeHbItee posa. 

B emyuae y >0 pesybTaTbI HacTosmeH paOoTbl ABJIAIOTCA paciuupeHvem 
HEKOTOPbIX Pe3YJIbTATOB, MOJIYYeHHbIX B (°). 

B ocHope paccyxXJeHHh slexKUT cielyioulaa oleHKa: 


| Det) < ApBil |g Me +a Heml, pe —__* 


b) 
91 qn 
Ost -..0S, 


Iql=[|+-.-+] al 


(tm —MlopsayoK p(s)) B CBA3H C TeM, 4TO OTLICKaHWe KwJAaCCOB eNMHCTBeHHOCTH 
M KJlaCCOB CYUeCTBOBaHHA CBOJMTCA K M3y4eHHIO OllepaTopa yMHOXKeHNA Ha 


1 
(PyYHKILHIO 7 (6) B pa3JIMUHbIX MNPOCTPpaHCTBax. 


Vicnombsya sty oleHKy Mu TexHuKy mpoctpaucTs Tuna S (onpenenenue uv 
CBOHCTBA STHX MpOCTpaHCTB U3I0%KeHbI B (1), ru. 4), MBI HAaXOZMM KsIaccBI 


* MopmanbHO TOBOps, AH sHayeHUA y JONycTuMa uw BeNMUAHAa — oo, jambHelimme 
PesyiIbTaTbI OCTAaIOTCA CNPaBeMVIMBLIMA HM B 9TOM culyuae. Ho, ucnombsya meTogH Saiinen- 
Oepra — Tapcxoro (?), MoxHO NOKasaTb, 4TO Bcerga yY > — oo. 
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eMMHCTBeHHOcTH. B cilyyae y>0 pemenne ypaBHenua (1) Gyyer enuucTBeH- 


HbIM JIMIUb B Mpocrpancrse (S/ 4) mpH 8B >0O u HeKoropom A, B uacTHocTH 
OHO CAHHCTBEHHO B KJIacce (PYHKUMH, YAOBJeETBOPAIONLUX HepaBeHCTBY 


|u(x)|<Cexp | da;| x], (= (1. -- xn), 


MpWYeM OKasbIBaeTCA, YTO MOMKHO NOMOKUTH a;= inf |t;|—e, rhe HMKHAA 
P(s)=0 
TpaHb Oeperch m0 BCeM KOPHAM MHorowleHa p(s); eCIH 2%e MONOMKUTE 


a;= inf |t|+ ©, To eqMHcTBeHHocTbh OyfeT Hapyllena. 
p(s)=0 


B cayyae ¥ . Q B KayecTBe Kslacca eJMHCTBeEH HOCTH MOXKHO B3ATb J060e 
, 
mpoctpancreo (Sz), ecm «+78 >1ua>1, B uacTHocTH eqHHCTBeHHOCTD 
OyweT WMeTb MeCTO B KsJiacce :byHKIMi, yROBMeTBOPAIOMINX HepaBeHCTBY 


(4 (x) | <C exp [a] x4]. 


Npu JNOObIX NOJOKUTEIbHBIX @ Ms. IIpH STOM eMHCTBeEHHOCTh OyeT Hapy- 
leHa ye B Kuacce (PYHKUMH, YOBMeTBOPAIOWIMX STOMY HepaBeHCTBy Npu 
¢=0 4 CKOJb yroqHO MaJIOM a. 

J\uist HaxoxkJeHHA KaCCOB CYWIeCTBOBAaHHA HaM ToTpe6yroTcs cueLyroulMe 
npocrpaHctTsBa: 


Eh {x (x): y (x) exp [+ 4izl*] ez} (A > 0); 


Axa = {x (%): X(*) [4 + 7|/**EL2} (Rk > 0). 


Teopema 1. JTycmo ~>0. Toeda, ecau gynkyun w npuxadsexcum 
npocmpancmeam: 1) Eg,a, % 21; 2) Ea,a, %>1; 3) Aw; 4) Hay npu 
Hexomopom A, mo cywecmeyem peweHnue ypaenenua (1), npunadseotatuee 
coomeemcmeenno npocmparncmeam: 1) Ea, a,; 2) Ea, 4,3 3) HK»; 4) Hey 
npu HekKomopom A. 

Takum o6pa3omM, B cayuae ¥ >O0 ana cyllecTBOBaHHA peleHHaA ocTa- 
TOUHO, UTOObI WpaBad YacTb pocwla He CMIUKOM GpicTpo. B cayuae y < 0 mono- 
2KeHHe MCHACTCA, A HMCHHO, YeM ObICTpee pocT mpaBok uacTH, Tem OduIbIIy10 riay- 
KOCTb HY2KHO OT Hee TpeOOBaTb, YTOObI OOeCMeuvTb CyUeCTBOBaHve pelleHuA 
cpela OObI4HDIX DYHKUHH; HaNpMMep, ecu y = —1, To AIA cyulecTBOBAaHUA 
pellieHud Mp NMpousBobHO MpaBow uactrH wE Hi») HeOOxosMMO, UTOODI 
yHKunA w Oplia k pas Auddepeniupyema. 

Ojuako cipaBeIMBO B HeEKOTOPOM cMbICJIe HM OOpaTHoe: ecIM PYHKUMIO w 

[eo) 


MOMKHO Pa3sJIOMKUTb B PAL W = oy Wr, TaK, 4YTO BbINOJINHETCA HEPpaBCHCTBO 
k=1 


I 4. ita Wp 


co Rk 
J plily sili 
c,B Ap—|j 
>» > rBp | j |" Geil ix -Fift 


k=1 /=0 


0°, (2) 


Lz 


laa 


re [6] —Ueltaa uactb 6, a ay = max 
x e (x) 


, TO CyYLIecTByeT pelleHHe ypaB- 


HeHua (1) Takoe, uTo e 1 (x) u (x) ELe. 
Jaa Toro uToObl WIA YwacTH dyHKUHH w 3amucaTb ycJoBue (2) B Oosee 
ABHOM BHJe, MbI BBeMeM MpoctpaucTBa Tuna E: 


a 
a 


ERR = f(a): [D%y (x) |< CB" | q|!"” exp[ al xl*|l 


Cnepyiolasd TeopeMa JoKasbiBaeTca MYTeM MCNO/JIb3OBaHUA HepaBenctBa (2). 
529 


Teopema 2. ITycme y¥<0. Toeda, ecau dyxKyua W npunadaeocum 
npocmpancmeam: 1) E?s npu atyBol, «>1 u nexomopux A u B; 
2) Se4 npuatyBol, «>1 u nexomopux A u B; 3) Hw bemecme 
CO 6CeMU C6OUMU npoUuseodHoimu Oo nopadKa [—y(k-+m)+m-+ 1]; 4) Hey 
C Mem 2E YLUCAOM NpouseodHelx, mo cytuecmeyem peiuenue ypaenenua (1), 


_B 5 
npunadaeocawee CoomeemcméBeHHO Npocmpancmeam: 1) ES" npu nexomopolx 


By uAy; 2) Seat npu nexomopolx By, u Ay; 3) Hi»; 4) He. 

VintepecHo OTMeTHTb CHMMeTpHIO B KJlacCaX CYIeCTBOBaHHA, KOTOpysoO 
o6HapyXuBaloT Teopembl | u 2. 

Tak Kak BCe KJIaCCbl, B KOTOPbIX MbI OOeCMeuMJIM CYLLeCTBOBaHHe pellie- 
HHA, BXOJAT B COOTBETCTBYIOIUIMe KJaCCbl eCJMHCTBEHHOCTH, OHH ABJIAIOTCA 
OJHOBPeMCHHO KJIaccCaMH KOppeKTHOCTH. 

Tenepb 3aMeTHM, TO, HCKmOdad NepBble JBa KJlacca TeOpeMbl 2, MBI 
o6ecneuJIM CYULeCTBOBaHHe PpeleHHA JIMIIb B OOOOUIEHHOM CMBICJIe, OJHaKO 
JIA TOrO, ATOOb! OHO ObINO pellleHHeM B OOBINHOM CMbICJIe, MOCTATOUHO NOTpe- 
60BaTb, YTOObI He TOJIbKO (byHKUMA W, HO H BCe e€€ MpPOM3BOHbIe, HeOOXo- 


PEO = 
AMMbIe [JIA Toro, 4TOObI onepaTop pli =) ObIJI K He MpHMeHuM, OO/laqasH 


TeMH CBOHCTBaMH, KOTOPbIX TpeOyIOT STH TeEOPeMBI. 

SameTuM, 4TO OMpefeseHHe poma He TpeOyeT Toro, YTOObI MHOrouwIeH p(s) 
He OOpaliasich B HYJIb} MOCTaTOUHO, YTOOL! OH He OOpalijavicA B HYJIb BHE 
orpaHHueHHoH o6sacTH. Ykaxxem cmoco6 HaxoxJeHHA pola ypaBHeHHA 10 
3HaveHHAM MHOrowIeHa p(s) Ha JeHCTBUTeIbHOM MHOrooOpa3un. 

Teopema 3. Pod ypaenenun (1) pasen 4uucay 

Fey ee AO) n 
Lede) ise. . 2] / 
—sup lim ||: leradp (2) =| Biles; (P| « (3) 
j=1 


|s|0o 


On 2 
B c7yuae, KOrfa OnepaTop pi iz) ABMAHETCA FHMOIIJIMNTHYECKMM IIO Xép- 


maHzepy (*), Popmysa (3) No3sBomseT ompefemuTbh Ksacc )KeBpes, KOTOpoMy 
TIPHHa]VIeK aT BCe PeleHHA COOTBETCTBYIOLWMErO OMHOPOAHOFO ypaBHeHUaA (cm. (°)). 

B 3akmoueHve aBTOp BbIpaxkaeT OarofapHoctb I. E. Wunosy 3a 6omp- 
ioe BHUMaHWe HM WeHHbIe KpHTM4eCKHe 3aMeuaHHA. 


Mockosckuit rocyfapcTBeHHbIi yHHBepcuTer Ilocrynuao 
um. M.j B. Jlomonocosa 8 I 1960 
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MATEMATHKA 


A. H. NMEPOB 


NEPHOAMH4GECKHE, MOUTH-NEPHOAMYECKHE WU OFrPAHHYEHHbIE 
PEWIEHHA JH®SEPEHUMAJIbBHOrO YPABHEHHA - lal bs) 
(ITpedcmae.neno axademuxom H. H. Boeoawboeom 28 I 1960) 


B 9TOh 3aMeTKe JalOTCA YCJIOBHA CYUIECTBOBaHHA eMHCTBeEHHOTO orpaHu- 
yeHHOrO pellenua x*(t) (— coo <t< +o), |x*(t)|<c, y ypaBHeHua 


a =f(t,»), (1) 


paccMaTpHBaemoro B BeLLeCTBeHHOM THsIbOepToBoM MpoctpaHcTBe H, u u3y- 
yaeTCA NOBeeHHE OCTAJIbHbIX pelweHHi. IloKa3biBaeTca, YTO 9TO OrpaHMueHHoe 
pelueHve NepvwoAuyHO (MouTH-NepHomM4uHoO), ecu f(t, x) mepHoquuHa (nouTH- 
_ fiepHoyuuua) no t. Touxaa cdbopmMysuposKa TeopeM MpuBOAUTCA HHxKe. 3pecb 
'¥M jlanee Hopma 9uiemeHta x@H oGo3Hayaetca |x|. Pe3ymbTaTbI ABssIOTCA, 
M10-BHJMMOMY, HOBbIMM HW JIA Ciy4aH KOHCYHbIX CHCTeM OObIKHOBeHHDIX Judp- 
(bepeHUMaJIbHbIX YpaBHeHH le 

Yepes U o6o03Hauaetcah OaHaxOBO MpocTpaHCTBO BCeX HeIIpepbIBHbIX 
OrpaHwyeHHbix tbyHKuMH x(t) (—cc <t< +00) co 3Ha4ueHMaMM B HT 4H Hop- 
Mol ||x (¢) |) = sup|x(¢)|, a uepes W — 6anaxoso npoctpanctsBo Bcex x(t) EU, 

t 


oOaqaiouux HempepbIBHOM HM OrpaHHeHHO MpousBogHOli, c HOpMol |x (t)| = 


= max {|x (tf), |x’ (2) |o}- i 
1. PacemorpuM cHayana suHefinoe mudbhbepesunanbHoe ypaBHeHHe 


& = Ax ty (d); (2) 


B KOTOpoM A—oOrpaHHUeHHbI CaMOCOMpAxKeHHbIM OOpaTHMbIH oOnepaTop, 
a y(t)eU. Nycth H_@H,=H —pasnoxenve H Ha unBapHaHTHble NOs- 
mpoctpaucrBa onmepaTopa A, COOTBeTCTBYIOWIMe OTPHWaTebHOH uM NOOKH- 
Te bHOH uacTAM ero cmeKTpa, H A_, A,—vuactTu onepatopa A. Torga 


MAX, x) <'— mix, x) (XEH_), (A,X, x) > me (x, x) (XE), — (3) 


T@ MM, M_,—HeKOTOPbIe MOJOMKHTebHbIe Yuca. YpaBHeHve (2) umeeT He 


Ooyee OMHOrO OrpaHwyeHHOrO pellieHua, 
BpeyemM B paccMoTpeHHe ceMelicTBO CaMOCOMpsXKeHHBIX ONepaTopos (cs), 
3aaB ero Ha mogmpoctpanctBax H_ u H, cnekyroujum o6pa3om: 


. A_s . 
ae es re a (580) 5-00 (a=); (4) 
Ha H,: —e’* (c<0); 0(¢>0). 
HerpydHo BujeTb, YTO omepaTop 
-+oo 
Hy (t) = \ H (t —s) y(s)ds (5) 


Helictsyer u3 U Bp W, upuuem x*(t)=%y(t) saBiaaeTca orpaHHyeHHbIM 
pelieHHem ypaBHeuua (2). JpyruX OrpaHMueHHbIxX pellieHuli ypaBHeHue (2) He 
umeeT. HenocpegcTrBeHHbIM Mog{cueTOM MOXKHO yOeuTbCA B TOM, 4TO OMe- 
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patop % nepeBoquT w-epuosuueckyto (ouTH-lepvosuyecKky10) cyHKUHIO fil 
y(t)€U B bynkunwo “y(t)EW, o6nanatomyio TeM Ke CBOHCTBOM. | 

Ham yqo6Ho cibopMy.sHpoBaTh 3TH Mpoctble (4, T0-BHHMOMY, H3BeCTHBIC) 
(bakTbI B BH TeOpeMbl. i] 

Teopema 1. ITycmp A—camoconpsdcennoli obOpamumolli onepamop, ® 
a gynkyus y(t) nenpepoleHa u oepanuuena. Toeda ypaenenue (2) umeem 
COUHCINGEHHOE O2PANUULeHHOe pewlenue, KoMOopoe OyOem w-nepuocdudecKUuM UAL 
noumu nepuoduueckum, ecau dynkyua y(t) o62adaem amum céolicmeom. 

Tlopemenue HeorpaHWueHHbIX pellieHHH ypaBHeHusa (2) OMMCbIBaeTCA CuJle- 
JLyIOUleH TeEOpeMOH, MOKAa3aTeIbCTBO KOTOPOHM JIEPKO MOXKHO NOJYYNTb, ACHOJIb- 
3yA MubdepenwuasbHble HepaBeHCTBa H HepaBeHCTBa (3). 

Teopema 2. Ecau A ompuuamenono-(nonzoxcumervHo-) onpedereHHoltl 
CAMOCONPANHEHHbIUL ONepamop, mo atoOoe pewenue x(t) ypaenenusn (2) npu 
t—> -+ co (— oo) aKCNOHEHUUAAHO CMpemumcA K O2paHUureHHomy pewenuto x" (t), 
a npu t—>— oo (+ oo) dKCNONENYUAAbHO YOaAKemcA om Hee. 

Ecau A — 3hakonepemennolii onepamop, mo npu x(0)— x*(0)@H_ pewe- 
nue x(t) 9KCNONeENYUANoHO cmpemumca K x(t) npu t—+-+ co u aKCnoHen- 
YuuanbHe YyOansemca om Heeo npu t—> — oo. To oe Camoe, MmOAbKO 6 COpamnom 
Hanpaesenuu umeem mecmo, ecau x(0)—x(O)€H,. H, naKkoney, ecatt 
x(0)=x*(0)@H_UH,, mo pewenue x(t) akcnonenyuaaeHo yOaasemca om. 
x(t) npu t>zes, | 


Hama wenb — epenectu Teopempt 1 u 2 Ha HemMHeHHbIM cyuall. 
2. B fajbHevmem HaM OyJyT HYKHbI Be JIe@MMBI. 
YcJIOBUMCA HAaSbIBaTb HesMHeHHDIH ONepaTop, MelcTByIOWWMH B OaHaXOBOM | 
IIpOcTpaHcTBe, OOPaATHUMBIM, eCJIM OH OCYLIECTBIAeT B3SAMMHO-OJHOSHAYHOE 
WM B3aMMHO-HEIIpepbIBHOe OTOOpaxkeHve 2TOTO GaHaxoBa MpocTpaHcTBa Ha ceOs. | 
IIpu nomouu npHHuna cxaTbixX OTOOpaKeHHH MOXKeT ObITh MOKasana 
Jlemma 1. ITycmbo 3adaHo cemeticmeo onepamopoe F(x), OXw<l, 
omobpancaroujux OaKaxo6o npocmpancmeo E 6cebA, yOoenemeopsAroiuee YCAOCUAM: 
1) onepamop F(x) o6pamum; 
2) npu ecex wE[0,1] u x1, x,E€E eoinonaneHo HepaeeHcméo 


|| Fu (%1) — Fy (%2) || S241 — £2 (6) 
3) npu ecex wp, py E[O0, 1] u x1, x,€E eolnoaneHo Hepaeencmeo 
|| Fu (%1) — Fu (%2) — Fy, (%1) + Fy, (%2) | <8 | up — Yo |] 41 — Xe ||, (7) , 


20e © u 8 — NeKOMOPpole NOAOMCUMEeAHbIE NOCMOAHHOELE. 
Toeda onepamop F(x) o6pamum npu awb6om w€[0, 1] u, credoeamesrono, . 
ypaenenue F,(x)=0 npu smbom pel[0, 1] umeem eduncmeennoe pewenue. 
IIpH nomouy WudpepenunabHblxX HepaBeHCTB OKa3biBaeTca 
Jlemma 2. Ilycmo nenpepolenoie oepanuuennole qgynkyuu a(t), b(t), 
u(t)@H (~wo<t<-+ 00) ydoeremeopsiom ycaosunm: |a(t)|<L|u(t)|, 
(a(t), Au(t))>e|u(t)|? (A—camoconpsocennoni onepamop; L,e>0) u 
wu’ (t)=a(t)+ 0(t). Toeda umeem mecmo oyenka 


4 (2) lo < wer**||b (2) los (8) 
ade a= (14142). 
3. IIpupeyem Tenepb Teopemy, C6o6maromly1o Teopemy 1. 
Teopema 3. IIycmo onepamop f(t, x) co 3navenuamu 6 H Henpepoleen 
no t(—w<t<-+ oo) u ydoenemeopaem ycaoeuio Jlunuuya no x 
[F(¢, %1) — F(t, %2)|<L |x — xe). (9) 
ITycmb eoinonneno Hepaeencmeo 
(F (¢, 41) — P(E, %2), A (x1 — %)) Se | x1 — x2? 
(— 00 <f£< + 00; x1, X2€ AH), (10) 
20e A—camoconpsxeHHolli onepamop, © > 0 nocmoaHuo. 
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Toda, ecau |f(t, 0)| cepanusexa, mo ypaenenue (1) umeem eduncmeeHnoe 
Oepanuuennoe pewenue. Ecau, Kpome moeo, f (t, x) nepuoduuen no t (f (t + o,x)= 
=/(t,x)) usu paeHomepHo nowmu-nepuoduuen no t Ha «sjmbom Komnakme 
K oe H *, mo amo oepanuuennoe pewenue OyOem coomeemcmeeHHO w-nepuocdu- 
4eCKUM UAU nNoUmMuU-nepuoduuecKUumM. 


JlokasateabctTBo, PaccmorpumM B OauaxoBom mpocrpanctse W ypapea 
HeHne 


x — P(x) =0, (11) 
re onepatop P onpeyeisetca npaBoH uacTbio ypaBHeHua 
-++co 4 
x(t)= | & 5) {F(s, x(s)) —Ax(s)} ds. (12) 


HerpyHo BuyeTb, TO onepatop P jelictByer B W, yqOBNeTBOpseT yC.OBHIO 
Jlumunia 


|| Pxr — Pxs|| << Lx. — x4 | (13) 


M UTO OFpaHWueHHble pellieHHaA ypaBHenua (1) HM TOMbKO OHH ABMAIOTCA pelle- 
HHAMH ypaBHenna (11). 

JA WoKasaTeIbCTBa CYUCCTBOBAHHA CNMHCTBeEHHOTO pellieHHa y ypaBHe- 
nua (11) nocrynum cuezyroujumM o6pasom. B 6OaHaxoBom mpoctpancTBe W pac- 
CMOTPHM ceMelicTBoO onepaTopos F(x) =x —pP(x) u MpoBepuM, 4TO BbINON- 
HeHbI Bce ycmoBHa JIemMbl! 1. Ycnospue 1) BbINomHeHO, Tak Kak Fy(x) =x. 


Ws semmpr 2 mocme HeKOTOpbIX BbIUHCIeHMM MOyuaeM, 4YTO BbINOJIHeEHO ycuJo- 
Bue 2) c HeKOTOpOH KOHCTaHTOH ©, HM, HakoHell, M3 (13) nomyuaem, TO 


BbINOHeHO ycemoBue 3) c KoHcTaHToH L. CneqoBatenbHO, B CHsaty semmel 1, 
ypaBHeHve (11) uMeerT eMHCTBeHHOe peliieHve, T. €. ypaBHeHue (1) uMeerT 
€/IMHCTBeHHOe OTpaHvyeHHoe pewlenve x*(f). 

SameTuM Tellepb, YTO [Jin BOKa3aTebCTBa Toro, 4YTO pellienue x (/) mpH- 
Hajlle@2KHT HEKOTOpOMY NognpocTpascTtBy W mpocrpauctsa W (B JabHelwem 
pomb W 6OyxyT urpaTb MO_NpocTpancTBo w-Nepwoquyeckux PyHKUMH uM MoJ- 
MpOcTpaHcTBO MOUTH-NepHosM4uecKHx (yHKUMH), MOcTaTOUHO NMOKasaTb, TO 
nogmpocrpanctso W sBssercd UHBapHaHTHbIM ya onepatopa P. Jlelicrsu- 
TeJIbHO, B 3TOM Cyly4ae cemelicTBO onepatopoB F,(x) =x—pP(x), paccma- 


TpHBaemMoe JIMIIb Ha W, yROBeTBOpAeT BCeM ycCJIOBHAM JIemMMbl 1, H Tak Kak 
onepaTop P MMeeT JIMIIb eCMHCTBeHHYIO HenogBHxKHy!IO TOUKyY B WD VW, To 


ata HeNosBuxKHad TouKa JexuT BW. 

Ilycrs Wc W—nognpocrpaucrso, cocrostjee u3 BCeX MoUTU-MepHogH- 
yecKHx (byHkuui. Tak Kak onepaTop & nepeBoguT KaxAylo MourTn-nepnonu- 
geckylo dbyHkuuio x(¢)@U B MouTu-nepHoguyeckylo (byaKunio x(t)eW, 
TO [WIA JOKa3aTebCTBa HHBapHaHTHocTu W oTHocuTenbHO onepatopa P jo- 
cTaTOUHO MoKa3aTb, 4To PyuKuus f(t, x (¢)) nowTH Nepvosuyna, ecm PyHKuNA 


x(t)@W. Jlerko MoxHo MoKkasaTb, YTO MHOxecTBO K 3HaveHui mo4uTH Me- 
pHoguueckoH dbyHkuun x (ft) KomnakTHO. PaccMoTpyM B OaHaxOBOM IIpocTpaH- 
CTBe HeIpepbIBHLIX OTOOpaxKenul KomnaKta K B H (pynKunio f(t): f(t)x = 
=f(t, x) (x@K). Tak kak, mo ycnosuio, onepatop f(t, x) HempepbiBen u 
MOuTH-NepHoguyeH mo ¢ paBHoMepHo no x€K, To dyskuua f(t) HempepiBHa 
M mouTu-nepvoguuna. Tlostomy mo 3ayanHoMy © > 0 MoxHO yKa3aTb TaKoe 
1>0, uro B KaxKJOM HHTepBase AMHEI / cylecTByeT MO MeHbIlel Mepe OHO 
3HAUeCHHe T, ABJIAIOMIeeCCA &-MepHOAOM OAHOBPeMeHHO JA OGeux (yHKuHH x (f) 


* T. e. mo mo6omy ¢ >O0 moxkHO ykasaTb Takoe />0O, uTO B KaxKQOM H3 MHTepBavoB 
qumupt / cymectsyeT Mo MeHbIlef Mepe OHO 3HayeHHe t, Qa KoToporo |f (f+ 7, x) — 


Bish 


uw f(t): [x(t +2)—x()l<e, |f(t+ 4 »—Ph *|<e (— 0 << Ploeg 
x€K), oTKyjla BbiITeKaeT, 4TO 


JF(é+ 1 x(t+ ))—F (4 x())1< 
~ <Klf¢+uae(t+))—ft+.«@))|+lFE+ 4())—FE eS 
<L|x(t+7)—x(t)) t+ex<e(1+Z), 


T. @&. UncO + saBaneTcs ¢(1 + L)-nepnontom yHKWMA f(t, x (2). CreqoBae 
TeNbHO, PyHkuna f(t, x(t)) mouru-repnoquyHa u PW CW. 

B cnyyae, Korga omepatop f(t, x) nepwoguyen no ¢: f (¢ +0, x) =f (2, x), 
WHBapHaHTHOCTb Mo_mpocrpancrsa WCW, cocrosmero us BCex w-lepHogu- 


yecKHX (YHKUHH, OYeBH Ha. 
Teopema OKa3auHa. 
4, B kayectBe NpocToro MpHsOKeHHA STOM TEOPeMbI NpHBeeM CvIeLyIOUHH | 
pe3syibTaT JWId ypaBHeHHA 2-ro MopsyKa 


=f (t, x, =), (14) 


paccmaTpHBaemoro B rHuibOepToBom mpoctpaHcTBe H. Ecuan f (?, x, y) Heupe- 
pbIBeH H HeMpepbiBHO AudppepenuupyeM No x, y, MpHyeM f(t, X y) uty (t,x, y) 
OrpaHHYeHbl H YAOBJIETBOPAIOT HepaBeHCTBaM 


(Flt 2 yh b> mW, [Fle a DI<S|A|lel, (1B) 


rae m—(6/2)?>0, To npu orpannuennocty | f(t, 0, 0)| 419 ypaBHennua (15) » 
CIIpaBeAVIHBbl YTBep2xXeHHA TeopeMbl 3. 

5. Ilyctb BpinomHeHb! ycioBpua Teopemb! 3. Torga, ecan |f (t, 0)| orpaHn- 
yeHa, TO ypaBHeHHe (1) uMeeT eJMHCTBeHHOe OrpaHHueHHoe pellieHue x* (Zt). 
Tlopenenwe HeOrpaHH4eHHbIX pellieHHH ypaBHeHua (1) xapakTepusyetcsa cue- 
jyrolleH TeopeMol, oO6o6ulalouleH Teopemy 2. 

Teopema 4. B npocmpancmee H moocno yKasamb Oea mHOe00b pa3zuLn 
M_  u M,, obnadarowux caedyroujumu ceoticmeamu. Kak M_, mak u M, 
ABASIOMCA epaduKamu HeKOMOpoIX Henpepolenolx omobpascenut H_ (H,) 6 H, 
(H_). Mxoeoo6pasue M_ aeocum 6 o6aacmu I_: (Ax, x) <0, a mHnoeoobpasue M, 
- @ oOnacmu I,: (Ax, x)>0 (@ cayuae, Koeda f(t, x)=A(t)x+ y(t), 06a 
MHO2O0COPA3UA ABARIOMCA NOONpPOCmpancmeamu, NpAMAA CYMMa KOMOPoIxX pae- 
Ha H). Ecau x(0)— x*(0) EM_ (M,), mo pasnocme x (t)—x*(t) aKcnoHeH- 
YuUaNoHO Cmpemumcsa K HYyAO (OecKOHedHOcmu) npu t—+>-+ co u aKCNOHeH- 
YuaAbHO Cmpemumcsa K beckoHedHOocmU (HYyAIO) NpU t—— oo. Hakoney, ecau 
x (0) — x" (O)E M_U M,, mo pasnocmo x (t)—x*(t) aKcnonenyuanoHo cmpe- 
mMumcs K OecKoHeuHocmu npu t—>-L oo. 

Teopema 4, B (opMyJIMpoBKe KOTOPOH MbI OFpaHHUHINCb JMUIb clysaeM 
3HakolepeMeHHoro onepaTopa A, oOoOmaeT pA TeopeM 06 ycnoBHOM ycToH- 
uuBocTu u3 (4) Ha TOT Clyual, Korfla ypaBHeHue (1) paccmaTpuBaetca B LesIOM. 

ABTop BbIpaxkaet Onarofapnocth M. A. KpacuocesbcKomy 3a pay, CoBeTOB. 


Boponexckul rocyapCTBeHHblit Tlocrynuao 
yYHUBepCHTeT Pak MARE, 


UMTMPOBAHHAH JIMTEPATYPA 


‘5B. M. Jieputau, ITlourn-mepnonuueckue dynxuuu, M., 1953. 25. Tl. Lemu- 
Rospuu, Matem. cOopu., 40 (82), 73 (1956). ° M.A. Kpacuoceabncxkuidh, A.H. Ie 
pos, JAH, 128, Ne 2 (1958). 9. A. Koanw arto xn, Hoven atom Teopua 
OOBIKHOBeHHBIX uddepenHabybIxX ypaBHenuit, VJ], 1958. 


Aoxnanp Akagemun nwayrx CCCP 
1960. Tom 132, Ni 3 


MATEMATHKA 


A. B. MOFOPEJIOB 


O CHJIBHO 3JIJIMMTHYECKUX YPABHEHHAX 
' ~*~  MOH)KA — AMMIEPA 


(IT pedcmaeneno axademuxom B. H. Cmupxoeoim 14 XII 1959)} 
Ypasuenne Monxa — Ammepa 


» (rt —s*) =ar + 2bs+ct+ 9 (*) 


C HEIPepbIBHbIMH KOSPDUUMEHTAMH, 3aBMCALLMMH OT X, Y, 2, P, g, HasbIBaeTCA 
CHJIbHO 3JJIMMTHYeCKHM, ecu 0 >0, o>0 u KBagqpaTuuHad dopma mepemeH- 


HBIX £, 1 { 
ae? + 2bEq + en? 


HeoTpuiatembua (7). Ja TakuxX ypaBHeHHM BBOAUTCA NOHATHE YCOBHOrO (HK 
oOoOieHHOrO) pelleHHuaA cueNyIOUluM O6pa3som. 

Ilyctb peryapHaa PyHKuuA 2(x,y) B WeKapTOBbIX KOOPAMHAaTAaXx x,y, Z 3a- 
WaeT BbilykKsy!o NWopepxuoctb F:z = z(x,y), OOpatleHHy!o BbIMyKJIOCTbIO B 
cropony z<0. Onpefesmum Ha MOcKOCcTH xy TPH PyHKILMH ,MHOXKECTB: 


eS \\ 9 (rt — 8°) dx dy, 
H 
hr(H) = \\ (ar +-2bs +°ct) dx dy, 


op(H) = \\\pax dy. 


H 


ByeM Ha3blBaTb HX YCJIOBHOM NOHO KPHBU3HON, yCOBHOM CpeqHelH KpHBH3- 
HOH HW yCJOBHOH MOWaqbio MOBepXHOCTH COOTBeTCTBeHHO. IIpeqembHbIM Mepe- 
XOJOM B CMBICIe ca6ol cxofumocTH dbyHKUMH MHOKeCTB DO, A u o OMpejenstoT- 
CA Ja mOOOH BLINyKIOH noBepxuoctu. Kaxaa u3 HMX NpescTapaser cobor 
HEOTPHIMaTeIbHYIO BIOMHE aMTHBHYIO PYHKUMIO Ha KOJIbIe OopeseBCKUX MHO- 
XKECTB. 

Tenepb ycuIoBHOe pellieHue ypaBHeHHA (*) MOXKHO OMpeeMTb Kak Takyto: 
bynKunto 2(x, y), KOTOpand 3ayaer BbIMyKsyIo MOBepxuHocTb F, OOpanlenHyt0 BbI- 
IyKsOCTbIO B CTOPOHy z<0, yOBJeTBOPAIOMLyIO yCJIOBHIO 


Dz = hr + op. 


IlpH w3BecTHBIX MpeqNoOKeHNAX, OTHOCAMLMXCA K KOSpPuNeHTaM ypaBHe- 
Hun (*), MW. SW. BakenbMan B paOote (') qoKa3ai CyllecTBOBaHHe YCJOBHbIX 
pelleHuit ypaBHenua (*) HM paspeliumocTb sazaun Jupuxse fis BbIMyKAbIxX 06- 
wlacTeH B HEKOTOPOH Ofo0OmeHHOM MOCTaHOBKe. 

Jina Toro uro6p 3aqaua JIupuxsie B OObINHOM CMBICJIe JIA YCOBHBIX pelile- 
HHA Oblia paspelliuMa, Halo NOLYHHUTD KOaPPuUNeHTH! ypaBHeHUA (*) MO- 
NOJHHTeIbHLIM OFpaHuyenuamM. Ec mpeqnonoxUTb ONpeseenHbl NopsaqoK 
pocra (yOpipanua) KoappuuneHTOB ypaBHenusa (*) Mpu p?-++ g?—> oo, TO ycuO- 
BHe paspelimmocTu 3sagauu Jlupuxse 2a ypaBHenua (+) MO%KHO chopmysupo- 
BaTb CpaBHuTeIbHO Mpocto. MmMeHHO, wMeeT MeCTO CJleqylouad Teopema: 
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Teopema l. Jlycmoe Kpusaa, ocepanuaueawujaa é6oinykayio Obnacme (ih 
naockocmu xy umeem noaocorcumenonyto Kpueusny*. 3adaua Jupuxre OAA CUALHM 
aanaunmuueckozo ypaenernua Monoca—Amnepa 


re —s?*=ar+ 2bstect+o (a) | 


6 obnacmu G npu awOolx HenpepoleHblX ePAHUXHOLX SHAYEHUAX paspeLlUMA,\ 
ECAU ebINOAHAeMCA YCaoeue: Npu p* -+- q?—> ce . 


a, |b|, c<N(p?+q2)""*, o<N(p?*+Q?), 


2de N = const < co, ao =const > 0. | 

Teopema la. Teopema 1 umeem mecmo maxoce u npu a =O, ecau K pul 
BU3HA Oepanuuuearolueti obnaacme G Kpueoti Oocmamouno eeauKka (a, credoea-% 
MeAbHO, CAMA O6AACMb Oocmamo4HoO mMaAQ). . 

Jia yCNOBHBIX pelleHHli CHIbHO 9/MuNTHYecKoro ypaBHeHua Mouxa —}} 
Ammepa MMeeT MeCTO CyIelylollad TeOopeMa eJMHCTBEHHOCTH: 

Teopema 2. ITycmo Koa@duyuenmol ypaenenun (**) Ougdepenyupyemel 
no KaxcOOMyY U3 nepemenHolx, Koadduyuenm p u Keadpamuunan Gopma\s 
ae + 2bey + cy? Kak dynkyuu om z HeyOolearouue. Toeda srtobole Osa ycaroe-}\ 
HOIX PeWWeHUA YPABHeHUA (xx), CoBnadarolue Ha epanuue oOnacmu G, coena-f 
Oatom @ G moocdecméenno. ! 

YCJOBHOE pellieHHe MOKET ObITh HEperyJIAPHIM JaxKe B CMBICIIC JBYKpaTHOH 
Auepenuupyemoctw. B wekoTopbix cjly4¥aax Np AocraTouHON perysApHOcTH 
KOaPPHIHEHTOB yYpaBHeEHHA MOXKHO YTapaHTHPOBaTb pel yJIAPHOCTb YCJIOBHBIX: 
pelmeHHi. Hanpumep, uMeeT MecTo CJleqyroulad TeopeMma: 

Teopema 3. I/ycmb Kkoagbqbuyuenmol cuabHo aAAUNMUUeCKOe2O YpaeHenUA; 
Monoca— Amnepa (**) peeyaapnot (Rk pas Oudqdepenyupyemol, k > 3) u ydooe- | 
NEMO PSHUOM YCAOBUAM: 

1) @ynkyua o neyOolearowjanA no Zz U ebInyKAaA No Pp, G; 

2) Keadpamuunaa dopma ak + 2b&y +- cr? HeyOoleaiolwaa no zu ebINYyKAaA 
nO Pp, q. 

Toeda ecakoe ycaoeHoe peweHnue ypaeHenua (**) sAeAAemcaA peeyAAPHolM 
(k + 1 pas Ougdbdepenyupyemom). Ecau ove koadduyuenmol ypaenenua ana- 
AUMUKeCKUe, MO peweHnue aHANUMUH4ECKOe. . 


XapbKOBCKHM TocyapCTBeHHblit yHABepCHTeT Tlocrynu.to 
um. A. M. Topbxoro 11 XII 1959 


UHMTHPOBAHHASA JIMTEPATYPA 
1YW. A. Bakenbmaun, JAH, 126, Ne 5 (1959). 


* O70 sHayvT, 4TO ANA MOOLIX ABYX JOCTATOUHO OAMSKHX TOUeK KpBoli OTHOWeHHe yrua 
‘Me@xKY ONOPHBIMM MIpAMBIMH B STAX TOUKAX K PaCCTOAHHMIO MeXKy TOUKAaMM orpaHHueno cCHu3y | 
MOJIOKUTCIHEIM UYHCJIOM. 
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Horuago Anxagemun nayr CCCP 
1960. Tom 132, Ni 3 


MATEMATHKA 


Axagemuk JI. C. MOHTPATHH u JI. B. POAbITMH 


NEPHOAMYECKOE PEWEHHE OJHOM CHCTEMbI OBbIKHOBEHHbIX 
AWUSPEPEHWMAJIBHbIX YPABHEHHM C MAJIbIM TIAPAMETPOM 
IPH MPOUSBOAHBIX * 


1. Mpi 6yem paccmMaTpuBaTb cucTemy juddbepeHUMasIbHbIX ypaBHeHHit 


edx/dt=f(x,y), dy/dt = g(x, y), (1) 
Tye X = (%1,.--, Xe), Y=(Y1,---, Ys) — BEKTOPbI, & > 0 — Mab napamertp; 
BeKTOpHble (yuku f (xX, y) = (fi. --+> fe), @(% Y) =(2r---> Zi) Mpemmona- 


TaloTcd TpW2xK Jbl HeMpepbIBHO TuPepeHUMpyeMbIMH B paccCMaTpHBaemMolt OGa- 
CTH. OTHOCHTeJIbHO CHCTeMbI ObICTPbIX BH 2KeHUH 


dx /dt=f (x,y) (y = const — napametp) (2) 


mpequolaraeTcs, YTO pH JKOOOM y OHa HMeeT POBHO OJHO HEBbIPOXKTeHHOe 
Mepwoyuyeckoe pelleHue x"(t, y) c mepnogom T (y). Manin cioBpaMu, MyJIb 
THIWIMKaTOpbl CHCTeMbI YpaBHeHHH B BapHaluax ** 


6 = fy (X,Y) |emxe (x, 8 (3) 
OTJIMGHbI OT CJ HHMUbI, KPOMe€ OJHOTO, STH MYJIBTHIJIMKAaATOpBI Mbl 0003HaYUHM 
yepes Ay,...,Ap-y. EcTecTBeHHO EBeCTH «OCpeHeHHY!0 CHcTemMy» 
T (y) 1 
d. Ee 4 y * - 
Hae W= rq \ Se GY Wd =\eIXrw ude, A) 
0 0 


re MomoxeHo X (9, y) = x" (T (y)@, y). OrHocuTeibHO ocpeqHeHHOH CHCTEMbI 
(4) MbI peqmoI0xXHM, UTO OHA HMeeT HEBbIPOXJeHHOE MOMORKeHHE PaBHOBe- 


CUA Yo; WHbIMM CJIOBaMH, g(Yo) =O Mu COOCTBEHHbI€ SHAaYeHHA [y,..., Uy 
MATPHUbI gy (Y)) BCC OTJIMUHbI OT HyVIA. 
Halueli Wemtbio ABJIAeTCA CleyIouladr 
Teopema. Ecau ¢ 0ocmamouno mano, mo npu cdenanHelx npednoasosce- 
HuUAX Cucmema (1) Umeemn BO6AU3ZU YUKAA {X* (Tt, Yo), Yo} eOUNCMBeHHOe Nepuo- 
Ouueckoe pewuenue {x(t, se), y(t, )} co credyoujumu ceoticmeamu: e2o nepuod 
pasen eT (y)) + O(s?), a | y(t, ©) —y)| = O(e). pu amom cywecmeyem enadKo 
saeucsiyan om t dynxyua o(t, ©) («pasa») maKkaa, «mo 
|edp/di—1/T (y.)|=O(e), |x(t,8)—X (et, &)s Yo)| =O(&), — (S) 
@ omaU4Hole OM COUHUYSL MYALMUNAUKAMOPoL YpaeHeHUA 6 BapuaYyUAX OAA 
amoeo nepuodueckoeo pewenua cymo *** 


WA Oe) C= lava, k—1); (6) - 
vtea= 1 + enjT (Yo) +0) G=1,.--+ 4). 


* OcHoBHble pesyIbTaTbI HacTosulel paOorbl Ovi RomoxKeutr Ha IIT Bcecotosuom ma- 
TemMaTuyecKkoM cpesze (?). 
** Snech f , (x, y) ect Marpuual] Of; (x, y) / Oy|. Auasorugubie o603HaueHHA MpHMeHAIOTCA 
UB ilavibHeullem. 
*** ow (c) O3HauaeT BeMUMHY, crpemaityioca k 0 npu e>0. BuumatenbHoe paccmorpeHHe 
fokagatebCTBa MOKa3bIBaeT, YTO eCM A, WIM p;—He KpaTHBIH KOPeHb, TO  (¢), CooTBeT- 
CTBeHHO O(c), MOXKHO 3ameHHTb Ha O (ce), cooTBeTcTBeHHO O (é?). 


4 JLAH, r. 132, Ne 3 537 


2. HeppipoxeHHbIM nMpeoOpasoBaHHeM Bua 


zc 


p= uy tA(aayy)e 


(u, — cKanap, u —Bextop c k—1 Kommonentamu, A (9, y) — TpHxKbI HeNpe f 
PbIBHO AudepenuupyeMaxt MaTpua c k crpokamuu k— 1 cronOilamu, UMeIOo-F 
iat m0 @ Mepuog 1) cuctemy (3) MoxHO IIpHBecTH kK dopme 


du,/de=0, du/dt=H(t/T(y), y)u, (7) 


roe H (9, y) =H (p+ 1, y) — aBaxyb HempepbiBHO Audppepesunpyemad KBal-f 
patHaa maTpuua (k—1)-ro nopsyKa, MpH4eM MYJIbTHMJIMKaTOpbl CHCTEMBLSi 
u= Hu—sro Hamm ry, ..., Mey. Cucrema (1) gameHoi nepemeHHEIx@ 
x= X (9, y) + A(g, y)u MpuBosuTca K BULLY | 


edp/dt=1/T (y) + P(e, 9, Uy); | 

edu/dt =H (9, y)u+eb(9, #) + Qe 9, 4 ¥), (8)) 

dy [dt = g{X (9, y), YJ +R us, Y), | 

rae P, Q, R, 6—ruaapkue PyHKUHU CBOMX apryMeHToB, mpuyem R(q, u, y) Mil 
Ry=0(\u'i), QQ, 9,4, y) = Qe? +u*), P(E, 9,4, Y), Qu UW Qy = Ole + ju 


PpaBHOMepHO IO 9, Y. 
IIpumem 9» 3a He3aBHcHMoe MepeMeHHoe. Cuctema (8) nepeliyeT B 


du /dp = T (y) H (p, y)u + sT (y)O( y) + Qe, 4, Y), 


dy /dp =eh (g, y) + eR(e, 9, U, Y), 


(9)) 


rae (Oo, 0) — T (y) g{X, y), y], a Q, R—raankue (PyYHKUMM CBOMX apry-| 
MEHTOB, mpHyeM Q (e, 9, U, y) = O(e? + u*), Qu, Q,, Ru R,y=O(e+|u|) pas 
af 


HOMepHO Ilo 9, y. 3aGeraa Briepen, BBesem eme A (y) = T (y) g(y) = \ h(, y) de. 


0 
Kak HenocpefcTBeHHO BbITeKaeT H3 MepBOrO u3 ypaBHeHuii (8), mexKamee 
BOMM3H {x"(T, Yo), Yo} MepHOMyecKoe pellieHne cuctTemp! (8), mepHoy KOTOporo} 
OM30K K eT (y)), pH mepexoye or (8) kK (9) MpeBpaljaetca B pelleHue cu-H 
crembI (9) c mepHogom | no o. Pewenne cuctempi (9) c HayaJIbHbIM sHaue-| 
HHeM U == Uy, Y = Yx Ip p = 0 o6o3HayMM Yepes {Ul (Un, Yuy P, ©), Y (Un Yur Q, e)} 
Oxo Oyler NepHoguueckKHM NO 9 C e€JMHMYHIM TMepHoqom mpy BbIIIOJIHCHHH 
yCNOBHii 


t"'(Un, Yu, ©) = U (Un, Ya, 1, &)— te = 0, 


y (Ux; Yus €) a (Un, Yu, iy ) SiS 0. ( 
i | 
Tak Kak y=e \ry (9) g (*(%), y(g))dp, To ectecrBeHHo BMecto (10)¥ 


0 
BBeCTH CUCTEMY 


a (i;; Yuy See y == y (Un Yu 8) =="0" (11)} 

ITposepum, aro cucrema (11) ynosnerBopaetca npu e = 0, uy = 0, Ya=y 
Muro skoOMaH J'= D(u*, y°) / D (Un, Yu) le=o, uy=0, vy—yr ‘ 
IIpa ¢ =0 umeem y =const u | 

du /dp =T (y) H(9, y)u+ G(0, 9, 4, y), (12)| 
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ae Q(0 +P, U, Y) = O(u*), 


Q (0, 9, u, y) = O(|u|). Tlostomy npn m060m yp 
= 0 cyt pemenvem (12). Orctona, Janee, cneqyer 


(he 


D (Yy) €=0, Up=0, Yy=Y 


D (u*) D(y") 


r 1 
_ ie D (u ) DY) €=0, Up=0, Yy=Yo pak oe y (0, oe ak \ (9; Ys) ae x 
0 


H 
T (Yx) & (Yu), TO y* (0, Yo, 0) = 0, a D(u*) / D(ux) \e=o, yyy, CTH OMpemenuTesb 


atpuupt T (Yu) g (Yu) + Ty (Yu) & (Yu). Ho npn Yu = Yo BTOpOH wWieH 37ecb 


Opamaetca B HyIb, H D(y*)/D (yx) Je=o, uy~=0. yyy. = det [T (yo) gy (Yo)] 9. 
akoHel, sKOOHaH D (u*)/D (tx) lexo, uy=o, yg=y 79, Y6O OH MpescTraBssaeT 


ooo J ae pasHOCTH Me2%K]y MaTpPHIleH MOHOApOMUM (WIA CHCTeMBI 
uj/do = T (y,) A (9, yo) u M eWHHUHOH MaTpuuel. 

CieqOBaTebHO, TIpH JOCTaTOUHO MasbIx © cucTeMa (11) onpegesser PyHK- 
WU U;(&) H Ya(e), HMelOWHe B TOUKe © = 0 orpaHW4eHHble MpoOusBOsHbIe Mo €. 
eTpyHO yOeuTbcs, YTO MepHoyuyecKoe pellieHHe cucTembI (8) C Ha¥aJIbHBIM 
HaveHHeM Uy (&), Yu(&) OGIaqaeT TpeOyemMbIMH CBOHCTBaMH; TOJIbKO (6) Tpe- 
YeT OTJEIbHOFO OKa3aTeNbCTBA. 

3. UroObl BHIYHCIMTh MYJIbTHNNIMKaToppl v; (i = 1,...,/+k—1) ypas- 
eH B BapHallMaAX JIA HalfeHHOTO HaMH MepHOAHYeCKOrTO pellieHHA, MbI pac- 
MOTPUM YpaBHeHHA B BapHallMAx WIA NepHosuueckoro pemenus {uz (Pp), Ye (p)} = 
={u-(p+1), ye(p+1)} cucremp (9). Tlockonpxy y: () = yy + O (e), 
-(~) = O(s), TO 3TH yYpaBHeHHA B BapMalivaAX HMEIOT BH] 


| 
| 


ie Bu = [T (Yo) H (@, Yo) + O(s)]8u + O (8) by, (13) 


sp bY = 2B (p, 9) uF elhy(e, Yo) + O()) by (14) 


B(e, ©) = B(e+ 1, ©) —HenpepbipHad MaTpH4uHand (PyHKIUHA.) 

KoveuHO, HYKHO elle MOKa3aTb, YTO MYJIbTHIIMKATOpbl HE MCHAIOTCA TPH 
epexoye oT (8) k (9). IIpome scero B sToM yOeqNTbCH, HCNOb3ys Cielyro- 
ue oOcTosTembcTBa. HerpytHo MpoBepHTb, YTO AA MepHosuyecKorO pelleHHaA 
x (t)} nto6or cucTembI x = f (x) (x = (%4,..., Xm)) MYJbTHMVIMKa TOphI (3a HCKJIIO- 
eHHeM MYJIbTHMIMKaTopa 1, KoTOpoMy oTBewaer pelleHue f(x (t)) ypaBHe- 
uli B BapwMalluaAx) MOryT ObITb oOMNpeyevleHbl TaK: BOSbMeM Kakyt!O-HHOyJb 
m— 1)-MepHyio rumepmocKkocrb II, nepecekatouyio {x(f)} B HeKoTOpor 
OUKe Xj, MpuyeM f (xX) He MapaswienbHO Il, u paccMoTrpHM ee oToOpaxeHHe 
nocieqopanua F, comoctaBasioulee Touke x@II nepByto BO BpeMeHH TOUKy 
MepeceueHuA BbIXOALeH H3 x NomyTpaextopuu ¢t >O0 cuctempr x=f (x) c I; 
F ompeyeneHo B HeEKOTOPOH OKPeCTHOCTH TOUKH %,. Ha I, uM MywibTunsMKa- 
ropbi {x (¢)} coBnafaioT c COOCTBeEHHBIMM 3HaYeCHHAMH JMdpepenHata oTOoo- 
parmkeHua F B ToUKe X). A oroOpaxenve F 3aBHCHT TOJIbKO OT reoMeTpHue- 
CKOPO pacnOsJIOKeHHA TpaeKTOPHH WM HalpaBJieHuA ABHXKeHHs MO HUM, HO HE 
OT CKOPOCTH STOTO JBYXKeHHA. 

Tenepb yqOOHO BBeCTH HOBy!0 NepeMeHHyto 


z= {E =e [Ay (8, Yo) — Ay (Yo) ao} oy 


E —ejunnusan matpuua). Cucrema (13)—(14) mpumer cuenyrouHi BUR: 
ypasHenue (13) coxpaHutca c 3ameHoli O(s)3y wa O(s)z, a BMecTo (14) Mp 
1OJTy 4HM 


dz /dp = eB (@, ©) 8u +e [hy (4) + O(e)]2. (15) 
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MartpuiaHT CHCTeMbI ‘ 
dé |dp = T (Yo) H (p, Yo) & do / dp = 2B (p, ©) § + hy (Yo) §I 


uMeeT BU, 
(9) 0 
Wi(o) a1. * : 
bene oer 
mpuyeM Matpuupl MD, ark (1) umeror coOcTBeHHbIe 3HaueHHAh; (i =1,...,k—] 
woe ej cadens 0) eggrmeneteeaito, a @,(1) =O(s). Hem MaTpultany} 


cucTemb! (13), (15). B Buge Y(~) = O(g) [E + A(9)]. Hetpyguo yOenuTEess 
uto A(¢) yoBJeTBOpseT ypaBHeHHO Bua 


eae 


A iy (Ul oe 
de O (ce?) me + A); 0) 


(ce) 0 (e) 


oTKyJa cleqyeT, 4TO aye E en O (<2) 
ea & 


HM, TAKUM OOpasom, 


®z (1) + O (es?) Ds(1) + O(e?) /* 


Tenepb cpa3sy BuaHo, uTo YW (1) umeer R—1 coOcTBeHHbIX 3HaueHH, 
w=h, + o@(s) ((=1,...,R—1). Cromnee o6crTouT Jeo c OCTaIbHbIMH COG 
CTBCHHbIMH 3Ha4veHhAMH. HenocpeACTBeHHO OYeBHIHO TOJIbKO, YTO Vj4+.~-4 = 1+ O(€ 
(j=1,...,2). Bourem uz Y(1) enxunuuuyio matpuuy (k+/—1)-ro nd, 
pKa; Mbl NOJyYuM MaTpHuy Bua 


we=(GR B (s) ). 
C (e) eD +- G(s) 


re F, B uw C=O(e), G(e)=O(s?), A u D—nesppoxzenuble maTpHurp 
C COOCTBEHHDIMM 3HaYeHHAMH Ay—I1,...,key—l!l uw T (yy) pa,---, T (Yo) By 
COOTBeTCTBeHHO. HaM HagoO AoKasaTb, 4YTO, MOMHMO O4eBHAHBIX COOCTBEHHBI) 
3HaueHHH vj = h; —1 +(e) ((=1,...,kR—1), U(e) umeer ene coOcrBent 
HbI€ 3HaueHHA 


Vite1=8T (Yo) pj to(s) (Gi=1,..., 2). (16), 


Tlycrb ae eae Matpuia ck —1 ctpokamu u / cron6uamu 
notoxum C (K, ¢) = C (2) — KB (s) K —sDK —G(e) K. ae mo6nx K, Ki), 
Hopma |C(K, s)—C(K’,®)|<O(e)(1+|Kj+|K’|)|K—K’|, u «aerxo pice) 


Ka3aTb, YTO IIPH MaJIbIX € YDaBHeHHe 


K =—C(K,8)(A + F(s))2 


wMeeT pemenne K (¢) = O(e). (16) Tenepb caenyer u3 
(e 


oat 2)*@ G. aim is 


sO aoe B \=( A+0(e) O(c) 
K(A+F)+C(K, ) eD+G-+KB, | 0 Rah 


Tloctynusio 
2 I 1960 


UWHMTHPOBAHHASA JIMTEPATYPA 

1 Jl. C. Noutparuu, Tp. III Bcecowsu. matem. c 2,M : 
M., 1958, crp. 570. PE els Moat ae 
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MATEMATHKA 


K. K. WYKHH 
O Ri*-PASPEWIMMOM PAMMKAJIE FPYNM 


(IT pedemaereno axacemuxom A. H. Maaeyeeoim 28 I 1960) 


Myea noctpoenua RI*-pa3pemimmoro pawukala rpynm u HeoOxoyumple WA 
ee OCYINeECTBICHHA MOHATHA Yeplalorca B TeEOPHM aCCOMMATHBHBIX KOvIer (1,2), 
a TepeHeceHwe MX B IpylMbl OCyIeCTBIAeTCA MyTeEM 3aMeHbI YMHOXKeHHA B 
KOJIbiax OMepalMeH KOMMYTHPOBaHHA B rpyinmax. OTMeTUM, YTO 3Ta KE MBICJIb 
UcHOuIb3yeTca u B (*), Pe, OHAKO, PaCCMATPUBAIOTCA JIMUIb PpyMMbl C yCOBHEM 
MAKCHMAJIbHOCTH JIA HOPMAJIbHBIX JemuTenen *. 

§ 1. 3amerum, mpexye Bcero, uTO Be3ge HuxKe [A, B] O603HauaeT B3auMBBIII 
KOMMYTAHT HEKOTOpBIX TomMHOxKecTB A u B rpynnp G. Ilo ananorun c coot- 
BETCTBY!OLUM NOHATHEM B aCCOWMATHBHBIX KOuIbIaxX (1) LaqumM cmemyrommee 
Onpexgenenune 1. Hopmanbupl genuterb P rpynne G, ormmuHEl 
oT G, Ha30BeM Ne€PpBHUHHM HOPMAALHUM RenUuTenrem, 
ecu u3 cooTtHomeHuan [A, B]CP, rye A uv B — unBapnanTHple no_rpynupi 
rpynnp G, culeqyeT NO KpalineH Mepe O7HO v3 BKMONeHHH ACP, una BCP. 

B pa6orte (*) sto MOHATHe paccMaTpHBaeTCA U U3yUaeTCA B rpymmax c ycu0- 
‘BU€M MAKCHM@JIbHOCTH JIA HOPMAJIbHBIX emuTened. B o6ilem cmyuae MOKHO 
yKa3aTb PA XapakTepucTuk MepBuYHOTO HOPMaJIbHOrO JesuTeMA (4), HO AIA 
Hallux emeHw HauOonee adpeKTHBHOH OKa3asacb Taka: 

HopMaJIbHbli Jemutenb Prpynns!G, P==G, Torya M TOJbKO Tora ABIAeT- 
CA N€PBHUHbIM HOPMAJIbHBIM JeHTeIeM STON PpynMbl, ecJIM W3 COOTHOWeHAA 
[[G, a], |] P, rae a, b—  anementpr u3 G, cnenyeT mu60 a€P, m6o OEP. 

SicHoO, UTO KaXK bit NepBHUHEI HOpMaJbHBI emuTemb P rpynmbl G Bce- 
ra COep2KUT: a) BCe pa3pellHMble HHBapHanTHble NOsrpynnbl rpynn G; 
6) lleHTpasH3aTop moOoro HOpMasbHoro JenutTeta A rpynmbl G, ecm TOJIb- 
Ko cam A He comepxutca B P. IIpu pewennn Bompoca 0 cymecTBOBaHHH B 
rpynle NepBHUHbIX HOPMaJIbHBIX JeJIMTeeH BaxXHYIO PONb Urpaer culelyt0- 
mee mlonsatue (cp. (°)). 


j 


Onpegenenne 2. TlocneqoBaTenbHOCTh %o,%1,... QJIEMeHTOB TpyMmpl 
G OyeM Ha3bIBaTb k-MOCMeEROBATEMbHOCTHIO, eciH B G cylllecrByIOT 
3NEMEHTHI Yo. Y1,... TAKHE, YTO X41 = [[yz, X:], x1] WA Bcex i=0, l,... 

Bygem cuutaTb &-moceWOBaTeIbHOCTh Xy,%1,.-- OOpbIBalollelica, ecu 


WIA HEKOTOpOrO fl BbINOMHAeTCA X, = 1, HeoOpbIBalolleicA — B TpOTHBHOM 
cnyuae. 

Teopema 1. Ipynna G mozedau moaeKo mozda codepxum nepeudnott 
HOPMAAbHOIL Oeaumeno, Koeda 6 G cytuecmeyem neodpolearoijasca k-nocaedosa- 
MEAbHOCING Xo, X1,... 9ACMEHMOB IMO epynnol. 

IIpu oKasatemperBe 9TOH TeOpeMbl, HapsAy c OOOMMH oOMpeyeeHHaAMH 
N€PBUYHOFO HOPMaJbHOrO JeNNTeIA, HMCHOMb3SyeTCA MPHWHUMI MaKCHMaJIbHOrO 
3JIEMEHTA. 

Kak o6puno, RIJ*- paspeuwiumMol rpynuou OyemM Ha3sbiBaTb rpymny, 
KOTOpad O6slalaeT paSpelIMMbIM BO3pacTalOWMM MHBapwanTHbim psyom. H3 


* OcHOBHbIe pesybTAaTHI HacTOsMel 3aMeTKH COOOMeHI AaBTOPOM Ha Bropom BCeCOIO3HOM 
KOJJOKBHYMe NO O6mleli anreOpe, a HeKoTOpBIe cojep2xKaTcs B (*). 
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XapaKTepHCTHKH 9TOrO Kylacca rpynm, WaHHOH B (°), H TeOPpeMbl ] Hemejen) 
HO cylelyeT | 

Teopema 2. [pynna G mozda u moacko moeda He codepacum nepeut 
HOlLx HOPMQAbHOLX Oeaumeneti, KO2@da OHA sABAReMCA RI*-pa3peuwumot 2pytsy 


not. 
B jlabueliiem HCMOMb3yeTCA BbITeKAIOINeCe U3 NPHBEJCHHbIX TEOPeM OXC 


BHHOe 
Cnenctsue. Ecau nodepynna A epynno G xe abasemca RI*-paspeut 
moll, mo G o6aadaem makum nepeu4nelm HOpMaAoHolm Oenumenem P, 4mo ph) 
He codepacumca 6 P. : 

§ 2. Ilepetiem Tenepb K pacCMOTPeHHIO KJlacca TpyMl, KOTOPbIH COOTBE1# 
cTByeT 3]eCb NepBHUHbIM KOsbIaM (1). J . 

Onpengeneuue 3. Tpynny G nasopem NepBUYHOH rpyh 
NO, ecm ee CXMHMUHEIM HOPMAIbHbIM JeMTeIb ABJIACTCA MePBUUHbIM HOP} 
MaJIbHbIM JI@JIHTeJIeM. 

V3 cpolictBa a) NepBHYHOrO HOPMAaJIbHOrO JetuTeIA, OTMeyeHHOrO B § 1p 
BHOHe OY€BHAHO, YTO rpynia G Torga M TOIbKO Tora ABAeTCH MepBH4HO! 
rpymnou, Korga w06ad e€ HeECMMHHYHaA HHBapMaHTHaA MoOArpyilna uMeeT B 
Bceli rpylne WeHTpamusaTop, coBNaalouluh c equHMueK. B sTOM CMBICIe Nep 
BUUHAad rpylina ABIAeTCA (Fp yNnoh O6e3 HeHTpaNU3aTOP OB» 
K mepBHuHbIM FpyMMaM OTHOCATCA MpOcTble HEKOMMYTATHBHble TpyMMbl, CHM: 
MeTpHyeckue rpymnb Sn pu n > 4, a Takxe cBOOOAHbIe HEKOMMyTaTHBHbIt 
rpynnst. 1 | 

Mexyy epBuuHBIMM rpyMaMu HM MepBHYHbIMH HOPMAJIDHBIMM JeJIMTeAME 
cyilecTByeT Govlee rlyOOKad CBA3b, KaK 9TO MOKa3bIBaeT \ | 


JlIemMma 1. Hopmanoneiti Oenumenod P epynnot G Aeanemca nepeudrHoLmy 
HOPMANbHoIM Oenaumenem mozda u moabKO mozda, Ko2da qakmop-epynna G/F, 
no Hemy nepeuuHan. 

Bmecte c pe3yJlbTaTaMH Mpempilyulero Naparpada sTa JeMMa NO3BOMeTR 
ChelaTb CJIeXyIOULWe BbIBOJHI: | 

1. Ecau G — 2omomopdneiti o6pas epynnet G, mo KHOpmaarbHolli Oeaumend P 


ABANEMCA NEPBU4LHOIM HOPMAAbHoIM Oe~umerem epynnet G moeda u moroKo mozda, > 
Koeda e20 noAHolli npoobpas P 6 G ecmb nepéeu4nolli HOPMaNoHoLti Oeaumerd. i 
2. Jaa RI’-paspewumocmu epynne: G neodxodumo u Oocmamouno, umobel\ 
G He omoOpastanacd eomomopd@HoO na nepeurHole epynnot. i 
3. [pynna G mozda u moaeko mozeda codepoicum 6 A1obom 2omomopqbrHom obpase t 


G=El neeOunudHolll HOPMAAbHELLL OeAUMeA’ C OMALUHOLM OM EOUHUYoL YeAMpaau- i 
samopom, Koeda G seanemca RI*-epynnoit. i 

IIpeycraBiaioT WHTepeC HeKOTOPble YaCTHbI€ KAaCCbl NepBMUHbIX rpyMn. | 
Hasopem, Kak OObIuHO, rpynny G MOANpPpAMO Hepas10KuUMOR, 
€C/IM B JOOOM ee H3OMOPPHOM MpescTaBeHuH B Bue NOANpAMoro mpousBeye- 
HMA MMe€eTCH MHOMKUTEb, H3OMOPHbI G. Kak M3BeCTHO, 3TO PaBHOCHJIbHO 
TOMY, UTO MepeceyeHve BCX Hee€MHMYHbIX HOPMAJIbHbIX TeUTeneH rpynup G | 
CaMO OTJIMYHO OT CX MHHIbI, T. €. ABJIACTCA CMHCTBCHHBIM MHHMMAJIbHbIM HOp- 
MaJIbHBIM JeuTeIemM rpynmbt G. Hasopem ero cep AME BUHOH rpynmnl 
G u Oyfem O6osHa4aTh yepes C. 3 [C, C] © C, sauyy MunuManbuoctTu C, Bcerga 
smu6o [C,C] = 1, au6o [C,C] = C. B nepsom cayuae C a6enesa, a BO BTOPOM 
Ha30BeM e€ HACMNOTECHTHOKH cepAauneBUHOH. Kak uw aaa Ko- 
yen, (°), JerkO OKa3biBaeTCA TaKOH axt: 

['pynna G moeda u moabKo moeda ssanemea noOnpamo Hepasacocumott epyn- 
not c udemnomenmxot cepdyesuHoti, Koeda ona nepeurnaa u codepoeum muHU- 
MANbHOItL HOPMAAbHOLL Oeaumero. 

OueBHHO, YTO KpOMe CBOOOHBIX He€KOMMYTATHBHBIX Tpyni, nepBHYHBIE 
rpyilbl H3 MpHBeJeHHbIX BbILWe MPHMe€POB ABJAIOTCA NOAMPAMO Hepa3JiOxKU- 
MBIMH. Oco6bili HHTepec TIpecTaBlsioT NMepBMYHbIe No_MpamMo Hep a3JIOXKUMBIE 
rpyllbl, CepAWeBHHa KOTOPHIX BMOHeE IpHBogquMa. On MpuHaqexKaT K Kulac- 
cy Tak HasbilBaeMbIX Fy-1O Jy MpOCTHX rpyHN uw mog_nawrca onucanuio 
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’). Hanwane B neppuyHoli nopmpsamo Hepa3n0xKUMoli rpynne G IpocToH HeKOM- 
yTaTHBHOH CyOMHBapHaHnTHOL No”rpynMbl ecTb HeOOXo_uMOe u ocTaTOUHOe 
YCIOBME BHOMHE MPHBOAMMOCTH CepAWeBHHE! C sTOH rpyntbl, yTO cmenyer n3 
(*). OgHako Oyyer 1H B OOulem cryyae cepquesuna C BnomHe MpuBo_uMon nH 
HeT — OCTaeTCH HeACHBIM. 

OTMeTHM, HaKOHell, 4TO, BOCMOAb3OBaBLINCh (°), erKO MOuJyuHTb TaKoit pe- 
3YJIbTAaT: 

[lepeuinan epynna, o6nadanuwan HeeOUNULHbIM KOHeLHbLM KAGCCOM COnps- 
HEHHOIX aNCMeHMOB, AGAREMCA KONeXHOLL epynnoli. 

Orcioya ACHO, YTO NepéeUlUHole AOKAABHO HOPMANbHOIE epynnel, nepeUuunole 
2pynnel C KOHELHbIMU KAACCAMU, 6 4ACMHOCMLU CAOLLHO-KOHEeLHblE Nepeu4nole epyn- 
Nbl, ABASIOMCA KOHELHOLMU, WIM, BBY JIeMMbI 1, 9TO O3HAYaeT, YTO 6 YKA3QH- 
Hox KAaCCAX epynn nepeuunele HOPManonole OeaumeAuU UMeIOM KOHELNOLL UNOeKC. 

§ 3. Hcnonbsya NouaTHA npelpiyuiux nmaparpaos, tocrpoum Tenepb B 
Tpylmax paqukas, CXOJHbIM c paqukanom Bapa — Makkolia B accolMaTuBHBIx 
Kombyax (1,2), 

Onmpegenenune4, Panuxanom R rpynuu G _ xHa30Bem 
Mlepeceyenve BCeX Me€PBHYHbIX HOPMAJIbHbIX euTeeH sTOH rpynnpl. 

Jlerko NowyyaeM, ONMpanch Ha CuegcTBHe U3 § 1, uro R aBaneTca XapaKTe- 
/puctuyeckoli R/*-nogrpynmoi rpynmst G. B Koneynoli rpynne panukan R 
coBlaaeT C paspellMMbIM paquKaomM DuTTuHra, a B OOULEM Cy Yae HMEIOT MECTO 
cileqyroulwe ero CBOHCTBA. 

Teopema 3. Padukan R 2epynnet G cocmoum us mex u moabKo mex ane- 
MeHmos X epynne: G, Oran KOMOpoLX ecaKaA k-nocaedosameAbHOCMb X = Xo, Xy,... 
emo epynnel, noposxdeHHaA x, AeARemcA OOpolearowetica. 

Teopema 4. Ecau R— padukan epynnet G, mo paduKkaa @axmop-epyn- 
not G/R coenadaem c edunuuHoli nodepynnoti. 

Tak »e KaK M B CJIly¥ae aCcCOWMaTHBHBIX Kose (*), K oMmpesemennio pa- 
Qukana R MoxHO Oblio npHiTa ApyruM mytem. C sto wembIo o603HaduM 
yepes A(G) npou3BefqeHve Bcex adeseBbIX HOPMA@JIbHbIX JemHTeNeH rpynnbl 
G 4 nocrpoum B G Bo3spacTalioWluH pal XapakTepucTuyeckux Noyrpynn 


Pe ANG) AT( Get ae AGA = ies 


THe Ag+: (G)/Aa (G) = A(G/A.(G)), a Ha mpeeubHEIX MecTax, Kak OOBIYHO, 
OepetcA OObeqMHeHHe BCeX Mpefbiqyuux wiewos. Ilyctb 4 —TaKoe nepBoe 
MOpADKOBOe yNcNO, uTo A, (G) = Any, (G). Hasopem A, (G)=R BepxuumM 


padwukanomrpynnyu G. 
Teopema 5. Padukan R epynnet G coenadaem c seepxHum paduKanom 


R amot epynno, 
JlokasaTesbcTBO 3TOrO pe3yJIbTaTa, KpoMe TeopeMbI 4, CyeCTBeHHO OMH- 


paeTcA Ha CJleqyIOlly!0 sIeMMy: ; 

JlemmMa 2. [Tycme N —makoti nopmaaonoli Oeaumeno epynnot G, 4mo 
qakmop-epynna G/N ne codepscum Heedunudnolx abenesdlX HOPMAAbHOLX Oe- 
aumened u NC M, 20e M—xopmaronoui Oeaumeno epynnet G. Toeda e@ 
epynne G cywwecmeyem nepeuinoui HopmaaoHolt Oeaumeno P C ycaoeuem 
PoON uP sp. 

Kak 3To BUJHO u3 Teopempl 5, paqukan R rpynnb! G— 9To B TOUHOCTH 
ee BEPXHHH paMKal R(G, 2), Nocrpoeuupi B. YW. Muorkwyem B (1). Bo- 
"Wpoc oO ToM, 6yfeT mu paguKan RK padukasoM u B CMbICIEe A. I’. Kypoutra ( ), 
ocTaeTca OTKpbITbIM. [loo2xKuTesbHbIH OTBeT Ha HerO OUeCBHACH JIMINb AA 
OTJeNbHBIX KJIACCOB TpyMN, Cpe KOTOPbIX OKAaSbIBalOTCA HM HanOosee MHTe- 
pecHble Kylaccbl C TeMH WIM WHbIMM YCJIOBHAMM KOHEYHOCTH. Ecau yfactca 
WOKa3aTb, TO MpOv3BONbHaA NepBHUHaA Ppylina He COMepKUT MHBapMaHTHbIXx 
RI*-NoArpynn, OTMMYHIX OT EMHMIbI, TO TEM CaMbIM 6yeT aH yTBepAUTeIbHbI 
OTBeT H B OOUleM cuJly4ae. 
SD AAG ea he gee T. @. PpynmlamMv, coBmaaioujdMH CO CBOMM 


pafuKasom, 6yOym 6 Hawem cayuae RI*-epynnet. Uro KacaeTcaA MOJTyMpOcrTIx 
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rpyul —rpynm c payuKasiom R, paBHbIM eWAMe, TO Wid HHX MOKHO Jai} 
culeyIOMlyI0 XapaKTepWCTuKy, BbITeKalowlyIo U3 oMpesesenua R u CBONCTBIL 
6) TlepBuuHOrO HOpMasbHOoro JlemntTena u3 § 1. i] 
Tpynna G seasemca noaynpocmoti moeda u moabKo moeda, KOe2da OHA Hip 
codepxcum abenesolX HOPMANNDIX Oeaumesnetl, OMAULHOIX OM eOUHUYOL. 
Takylo nomynpocrory rpynmb! na3spiBaior F.-noaynupoctoTou (*)} 
OG6pamlaacb K ompeyeseHvio 4, Mbl NOY4MM: 
[pynna G seasemca F,-noaynpocmot mozeda u moaoko mozda, Kozdcy 
OHA npedcmaeuma 6 Bude nNOONpAMOZO NpoUuseedeHUA Nepeu4HolX epynn. 
Orcioma Hu us § 2 cmeqyIoT Takue “aCTHbIe yTBepxj]eHHA: 
1. Fo-noaynpocmas epynna Gc Yycaosuem MUHUMANBHOCMU OAL HOpMAaAE-h 
Holx Oenumeseii npedcmaguma 6 eude nodnpsAmozo npouseedeHuA nodOnpAamMcy 
HEPA3ZNOICUMOLK NepSuuHolX epynn. | 
2. Fs-noaynpocmaa aokanoHo HOpMaAbHAaA epynna, mak oe KaK u Fo-% 
noaynpocmasd epynna C KOHeXHoIMU KaAQaCCaMU,. Npedcmaésuma 6 Bude noOnpA- 
M020 NPOUSCEOEHUA KOHELHOLX NePeUdHolX epynn. } 
3. Fs-noaynpocmas epynna G C ycaoguem oO pobléa CXOOAUWUXCA HOPMAACHOLXS 
yenett npeOcmaeuma 6 eude noOnpAMOZO NpouseedeHUA NnepéeUu4nolx NOONnpAMO 
HEPABAOICUMOIX epynn, CepOYesuHbl KOMOpeLX BnoAHE Npuecdumol U cocmosme® 
U3 KONE4HO2O 4UCNA Npocmblx MmMHOHCUMeNELL. 1: 
B. 3aksmoueHue NONb3y1I0Cb ClyyaeM BbIPasHTb OarofapHocTp B. A. Aun-B 
UpyHakHeBuyuy, TO PyKOBOACTBOM KOTOPOrO BbINONHANACh 9Ta padoTa. | 


KuulMHeBCKHH =rocyJapcTBeHHEIii Tlocrynusio 
yHUBepcHTer 16 I 1960 
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MEX AHHKA 


. HW. BAPEHBJIATT u FO. I. )KEJITOB 


OB OCHOBHbIX YPABHEHHAX ®HJIBTPALLMU 
OJHOPOJHbIX DKUAAKOCTEH B TPEWIMHOBATbIX NOPOJAX 


(ITpedcmaeaeno axademuxom JI. H. Cedoeoim 21 I 1960) 4 


1. B mpeqmaraemol pa6ote qaeTca mocTaHoBKa 3aauH O usbTpauuu of- 
OPOJHbIX HKHKOCTeH B MOpOax C CHIbHO Pa3BUTOH TpewlMHOBATOCTHIO. B na- 
TOAIee BPEMA BHIMOHEH PA MCCIeELOBAaHHM (uJIbTpaluu B ylacTax Tipu Ha- 
MYMM HeOObUIOrO YMCA Pa3sMIHbIM OOPa30M PpaCIOJOKeHHbIX TPemMHH. 
MHakO MOLXOX, OCHOBaHHbIM. HA KOHKPeTHOM yyere KOH*UrypallHn TperlHH 
B wlacTe, He IIpHMeHUM JIA Cpe Cc pa3sBu- 
TOM TpeuuHoBaTocTb1o. B camom jese, Cc 
OJHOH CTOPOHbI, 9Ta KOHUrypalua HaM 
H€H3BeCTHa, a C Jpyrow — upesBEyaHo 
gallyTanHa HW ClO*KHAa, TaK YTO MaTeMaTHUeC- 
Kwe TpyAHOcTH pacueTa c:buNbTpanun upH 
CTOIb CJIOXKHBIX KOHDUHTYPaluUAX TPeLIHH, 
axe ecu Obl OHM V ObIIH H3BECTHBI, CTa- 
HOBATCA HeMpeoxOJMMbIMH. OHaKO HMeH- 
HO CJIORKHOCTh HW Pa3BeTBJICHHOCTb CHCTeM 
TpelluH B MOpoyax C CHJIbHO pa3BHTOM 
TPeCWIMHOBATOCTHIO JesaeT YMeCTHBIM WIA 
TaKUX NOpos uHoe paccmoTpeHHe, cmeun- 
(UGHOe JIA MEXAHHKUM CIVJIOWHbIX cpel. 

Ilopuctyio nmopoyxy c cHbHO pa3sBuTOH 
TPeHIMHOBAaTOCTHIO =MOKHO MPCACTABUTb -pye, 4. Cxema Tpemmunopatoti, nopuctont 
ce6e B BUe HaJIOMKeHHA JBYyX MOPHCTHIX cpesbi ¥ 
cpel c mopamu pasHbIx MacliTadoB 
(puc. 1). Ilpeqcrasum ce6e mpicieHHO, 4TO rpaHua TpeuMH u ONOKOB craa 
Helponumaemon. Torga ABYxKeHHe %KUMAKOCTH B MOpHcTOH cpeye Oyler mpo- 
UCXOJMTb pa3ebHO TO CHCTeMe TPelllHH, paslesiomeh OnoKu (cpeqa J), u 
MO cucTeme coo6ujaouluxca Apyr c Apyrom 610KoB (cpeya 2). Cpeya 1 Mower 
ObITh ymonoGmeHa OObIYHOM NOpHCTOH cpeye, B KOTOPOH POJIb NOPOBBIX KaHa- 
JOB WIpaloT TPelMHbI, a POb 3epeH — On0KH. (B OTeNbHBIX CLYYAaHX MNO- 
Wab COMPHKOCHOBeHHA GJIOKOB Mey COOOM MOMKET OKaBaTLCA OUCHD MaJion, 
TaK YTO TPH HeNpOHHIaemMolt rpaHuue TpeuiHH UM OIOKOB [BHXKeHUe B cpeye Z 
MpoucxoyuTb ue Oymer.) XapakTepHowk OCOHOeCHHOCTbW ABU- 
MCHHA B TPeMHHOBATHX NOpOMax ABMACTCA TO, 
mio wa ClaM OMe Lene) TPOMCX OR UT  UPeHCH BH EH. 
O6MeC€H KUAKOCTHW MEKAY OOCHUMH CPeRamMyE. 

B cooTBeTcTBuM C eCTECTBCHHBIMM MpeWCTaBJICHHAMM O MOposax Cc pasBurTori 
TPCUMHOBATOCTHIO, IIpH TAaKOM PpaCCMOTPeHUM CUMTAeTCH, YTO PasMep OJIOKOR, 
pasieIAeMbIX TPellMHAaMU, MaJI CpaBHUTebHO C XapaKTePHbIM PasMepOM jlaH- 
HOFO OObeMA MOPHCTOH MOposbl, TAK YTO KaxK bli tusHyeCKH OeCKOHEYHO Ma- 
tit OObeM OXBATHIBaeT OObINOe UCO G0KOB. B KaxkON TOUKe MpocTpaucTsBa, 
TAKUM OOPa30M, MOXKHO paccCMaTPUBaTb [Ba [aBJeHUA U MBE CKOPOCTH *UusbTpa- 
IMM XKMKOCTH: WaBeHHe piu cKOpocTb V, *XHAKOCTH B cpeme J H AaBseHHe 
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p2 4 CKopocTb V, *xHAKOcTU B Cpege 2. IIpu sTOM pz MpexcTaBAAeT co6on cpe) 
Hee JlaBJleHHe XKUIKOCTH B Tp eUWLHHAX B OKPeCTHOCTH JlaHHOH TOUKK, |} 
p2 — cpewuee fapmenve B 6 10K AX B OKPeCTHOCTH JaHHOH TOUKH. Ck) 
pocrb Vi npegcTaBsineT co6oH BeKTOp, MpOeKIMA KOTOpOrO Ha HEKOTOpPOe Jalh, 
Hoe HallpaBleHHe paBHa MOTOKY %KHAKOCTH, MpoTekaloulemy wepes CeyeHH 
TPCIMHH MaJIO MIOMaqKOH, MpoxosAMleH Yepes JaHHy!0 TOUKY NepnenAMKy Aly 
HO JaHHOMy HallpaBJIeHuIO, JesIeHHOMy Ha NO WHY tO MWiOMWatb MiOulatky 
WM WOTHOCTh *XUAKOCTH. AHanOrM4HO, MpoekuNaA BeKTOpa cKopocTH V2 Ha Jall 
HOe HallpaBsleHve paBHa HOTOKY 2KMAKOCTH, Npoxogailemy yvepes ceyeHul 
6 10KOB YNOMAHYTON MasOH MOWayKOH WM Takxe JeeHHOMy Ha MOVJIMY)}) 
MMOWatb MIOWaKH WU WIOTHOCTb XKHAKOCTH. [ 
BaxKHO HMeTb B BULLY, YTO m,— MOpHCTOCTb MepBol cpelb, T. €. OTHOWEHH 
oObeMa TPelMH K OOBeMYy BCel MOpOsL, OObIUHO ObIBaeT O¥eHb Masa (0,001-13 
0,01) uw Ha O2MH MAM JaxKe HECKOJbKO MOPAXKOB MeHbIMe MOPHCTOCTH BTOPO|s 
Cpebl m,. B TO Ke BpeMA MpOHMIaeMOCcTh ky NepBow cpebl MpeBbliliaeT MPOHFE 
ILACMOCTb BTOPOH cpemb! k, Ha HECKOMbKO NopsaAKosB (1 °%,®). | 
2. Cuntaa 2BMxKeHve B OOeuX Cpesax Oe3bIHePpUMOHHbIM, MOXKHO MOKa3arTey 
4TO Tlepelay JaBJIeHuA B KaxkOM Cpeye CBA3AH CO CKOPOCTbIO (*UJIbTpPaluu JH 
HeHHbIM COOTHOINeHHeEM — 3aKOHOM J[apcu: i 


Vi= —"\ grad Py Va= — = grad P2, (1), 


Tle &—BASKOCTS %KuKocTH. YpaBHeHuA HepaspbIBHOCTH A OG6enX cpele 
MMeIOT BHI: tf 


Sdinewitens:0, | Oe dio Mogae (2) 


0h ot 


Te @ —IWJIOTHOCTh %KHAKOCTH, g — WHTCHCHBHOCTb TlepeToKa %KHAKOCTH Hi) 
cpenpt 2 B cpeny /. 

EctecTBeHHo CjlelaTb lpefnGvlowenwe, 4TO Gg BbipakaeTcA cooTHoLies 
HHeM 


J = Py% (P2 — Pi), (3 \ 


Te py —HavaJIbHad MJIOTHOCTh XKUKOCTH, %—HeKOTOpad HOBaA XapakTepHCTUKé}}l 
TPeMMHOBATOH NMOpHCTOM NOposbl, aHamorMunan KoapPulMeHTy Ternmonepenayry 
B TeCOPHH TellOOOMeHa M XApakTepH3ylOUlaA MHTCHCHBHOCTh OOMeHa XKHKOCTbK} 
Mexly cpeylaMu. OueBHyHO, 4TO BeJIMYHHA & TMpOMOpUHOHabHa yJe/bHON| 
NOBePXHOCTH TpeliHH. OTmMeTHM, 4TO aHanorMuHad (3) 3aBHCHMOCTb JIA HH-h 
TerpaJIbHOH OeHKH MepeToKa OblJla IpHHsATa B paoore (4). 

Cuntasd, 4TO KUAKOCTh u Oe MOpUcTble Cpebl ABMAIOTCA CaGOCKHMaeMbIMH| 
M MOfcTaBIaa cooTHomeHHA (1) u (3) B ypaBHeHua (2), MOomyyMM cucTemy} 
YPpaBHeHMH, OMNMCbIBaIOLLy10 HeyCTaHOBUBIUyoca HIbTpalMio OLHOpOqHOH 
2KHAKOCTH B TpelWMHOBaTOH MMOpucTo cpese: 


k F) 
oy AP = (Bea + m,8) Os — . 
k r) \ 
yp AP2 = (Bea + 1128) “Ft + 0 (D2 — Pr), @ 


THe Ber, Pca WP — COOTBeETCTBeHHO KOSpPulMeHn THI cK UMaemMocrH cpenol /, 2 u 
2KHDKOcTH *, a A —cCHMBOJ Onepatopa Jlammaca. 
YpapueHia (4) MOXKHO 3alvcaTb B BHJe 


LiPi=—%Po, Ly Pp,= — apy, (5) | 


* Kosdpuunent Basi MOXHO OMpeeIMTb Kak KOsPPHUMeEHT C2KUMAeMOCTH PaccMaTpHBae- 
MOM TPeLIMHOBATOH MOpOAb B MpeANOMOAKeCHHM HeCHKMMaeMOCTH O0KOB; KosppuIMeHT Bosal 
Kak KOSPPHUMEHT CKUMAeCMOCTH OOKOB. j 
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qe AMHeHHBIC onepatopbi £, HW Ly [onpedessiorca coorHomeHuem (/ — equ- 
MUHBIM OnepaTop) 
7 _— k; A \ 0 . 
i= e — af — (Boz ++ m; 8) OL (= I, 2). (6) 
Hckmouas 43 (5) mo ovepenu p, H pz, NomyuuM ypaBHeHua, B KOTOpbie 
1 H P2 BXOJAT pa3fesbuo: 


LPi=%'p,, Lp, = 4" pro, (7) 


mpvyem onepatop & onpeyenserca cooTHoUleHveM 
ee Me ie ga 


=P AP oA + Ba + mB) Coo + mp) G—-ASt a_ gy 


— 5 Wea (Bex + a8) + By Bea + mah] Sp +2 (Ber + mB) + (Bea + mB) S . 


| 3. Ho cux nop o6e nopucrpie cpefbl BXOJMIH B Halle paccmMorpeuue co- 
BeplIeHHO CHMMeTpH4uHO. OgHako, Kak y2Ke OTMeYasIOCcb BbIlle, B SOMbIIOM 
Mqucyie CJly4aeB MOXHO BHECTH YIPOMleHHA, CBASAHHbI€ C TEM, YTO MpOHHttae- 
MOCTb Cpefbl 2 MHOTO MeHbIUe NMpOHHWaemocTH cpegp /, a NOpHcTOCcTh u 
CKUMaeMOCTb cpefbl 2 MHOrO OObUIe NOpHcTocTH HM c»xKMMaemocTH cpebI /. 
[Jp 9TOM HeKOTOpble YWIeHbI OCHOBHOM cucTembl (4) OKa3bIBalOTCA mpeHedpe- 
X%KUMO MaJIbIMH, WU 9TAa CHCTCMa MPHHUMaeT BUT 


“Ap, + %(P2— pr) = 0, 
; (9) 
(Bes + ta) = + & (Pp, — pi) = 0. 


Uckmouaad 43 3TOH CHCTeMbI AaABJICHHEe Pz, NOJYYaeCM OHO YpaBHeHHe 
TpeTbero NopxAyKa JIA Pp, — AaBJICeHHA B TpeltHHax: 


Opi ky OApy ky 
=~ 1 OP __ —_—_*~___ Ap. 10 
Si aia DPeREeRe ae ay 

VHTepecHoO OTMETHTb TO KOSPPHUMEHT Mbe3ONPOBOAHOCTH, BXOAALIMH B 
ypaBHenue (10), aBaaetcAd Kak Obl CMelIaHHbIM, OH COOTBeTCTBYeT MpoHutlae- 
MocTH cpembl /, a MopHcTocTH M CXXMMaeMOCTH cpesbI 2. 

B yacTHOCTH, JIA OMHOMepHOTO JBYXKeHHA %2XUAKOCTH MJIOCKHMH BOVJIHa- 
Mu ypaBHeHve (10) mpHHuMmaeT Bu 

Opi ky Op, ky O*p1 (11) 


Ot ap Ox? Ot Bog map) x?” 


a [Jit OJHOMEPHOTO OC€CHMMETPHYHOTO ABHAKCHHA BUT 


opr a (ee rhl- ua us Uta (12) 
ot CHD, Clie Ole = he » [Bog + ameB] r Or Or . 

4, OcTraHOBUMCA KpaTKO Ha OCOOeHHOCTAX rpaHHUHbIX MH HaYa/IbHbIX yCJO- 
BH JIA paccMaTpuBaempix 3anayu. Ilpu ucnomb30BaHuu cucTembl (4) MOxHO 
ACXOAUTb M3 TOFO, 4TO Ha rpaHue CBOOOAHOM 2%KMAKOCTH HM NOpucTow cpeppI 
BCJIENCTBHe ObICTpOroO (busIbTPaWHOHHOTO BbIPABHUBAaHHA HMeeT MECTO PpaBeH- 
CTBO JaBJIeHHu B OOeuX Cpefax, T. e. pi = p2.[losToMy B STHX CTyYaAnX MOXKHO 
galaTb OOUee aBJleHHe Ha PpaHulax acta WIM CyYMMapHbIl MOTOK 2KHAKOCTH 
yepe3 rpaHully, a TakxKe HayabHOe pacnpegenenue OOouX AaBsenun. II1pH uc- 
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TIOJIb3OBaHHM 2KE YUPOUeHHO! cucremb! (9), HIM, YTO TO xe, ypaBHeHua (10 
MOXKHO 3aaBaTb PpaHuuHble HM HAYAJIbHbIC YCIOBUATOIbKO VIA LABJICHHA P1, 1aB 
JICHHE P2 HE MOXKET ObITh 3a,aHO MPOMSBOJIbHO, OHO OpeWeMHTCH WS ypaBHeHH) 
BwKeHUA. DusnuecKH 39TO CBI3aHO CO CBOLCTBaMH cpefbl 2, B KOTOPOH H 
MpOUCXORUT BbIPAaBHHBaHHA B CHJyY MaJIOM ee MpOHMWaeMOCTH. 

5. Cnelyer MosyepKHYyTb, YTO CHeMHPUKA TPeWMHOBATOCTH NOPObl NPOAB 
JIA€TCH HMCHHO B HECTAIMOHAPHBIX Wpoweccax PuJIbTpPalun, B KOTOPbIX CYLLeCT 
BCHHO CKa3bIBaeTCA OOMEH XKHKOCTbIO MeKLyY OOCHMM COCTABJIAIOUNLUMH MOpHc 
TbIMH cpeqamu. B cralMonapHbIxX MmpomeccaxX aBJeHHA B OOe€NX Cpefax ypaB 
HMBaIOTCA, HW MepeTOK H3 OHO cpeybl B Apyrylo B CpeqHeM He MMeeT MECTa 
Tostomy Aviat ONpeqereHua BBeLeHHOM B MpesqwaraemMoH paOoTe HOBOM XapaK 
TEPHCTHKU TPelMHOBATOH NOposbI & HEOOXOAHMO MPOBOAUTh ONITbI MO CyMecT 
BEHHO HeCTall[MOHaPpHOMY JBHIKEHHIO XKHKOCTH B UCCeAyeMbIX Mopofax, Ha 
IIpHMep, MO BOCCTAHOBJICHHIO aBJIEHHA B OCTAHOBJICHHBIX CKBaKUHAX. 

B s3aksiouenHe paOoTh aBTOpbl BbIPaxkaloT HCKPeHHIOIO NPH3HaTeJIbHOCTI 
A. Il. Kppimopy 3a BHuMaHMe K paOoTe u px WeHHbIX 3aMeyaHHH. 


VncrutyT reomoruu WH paspa6oTkKH roplouHx HCKOMaeMbIx Ilocrynuso 
Axajemun HaykK CCCP 20 I 1960 
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MEX AHHKA 


r. E. KY3MAK 


K BOIIPOCY O ITIPOCTPAHCTBEHHOM JIBHDKEHHUM 
OCECHMMETPHUHOTO TBEPOFO TEJIA OKOJIO 
HENOABYKHOH TOUKH NO BO3KEMCTBAEM MOMEHTOB, 


MEJQJIEHHO M3MEHSIOWWMXCA BO BPEMEHH 
‘(IT pedcmaeaeno axademuxom A. A. Jlopodnuyotnom 12 X 1959) 


PaccMOTpHM OCeCHMMeTpHUHOe TBepfoe Teo C HEMOZBHXKHOH TouKoH O, 
pacmouoxKeHHOH Ha ero ocH cuMMeTpHH. O6o3Hauum (cm. puc. 1) yepes Ox, 
HeKOTOpoe (HKCHPOBaHHoe B MpocTpaHcTBe HallpaBJieHve, yepes3 Ox — ocb 
|CHMMeTpHH Tela, Yepes Oy —ocb, pacnosOKeHHy!O B es 

M.1ocKkocTu Oxx, UW HallpaBJIeHHY!IO IlepMeHAMKYJIApHO oOcH i d 
| Ox, a uepes Oz—0cb, NepneH AUKYJIA PHY! K MIOCKOCTHOXX4. x 8 
'ByjeM paccmMaTpuBaTb JBYoKeHue Tela og BO3TeiCcTBUeM 
BOCCTAHaBJIMBalolero MOMeHTa M,(t, 8), 3aBucalero OT 
«MeJVICHHOrO» BPeMeHH t = ef ( —MavIbIM Mapamerp, t — 
BpeMA) HyruiaHyTauun9u HanpaBseHHOro BAOUNb ocu Oz, 


Hi MaJIbIX Jemmcupyrouux MomeHTos ¢M°* (t) wy, eM (t) wy 


W eM°(t)w,, HallpaBJICHHbIX, COOTBETCTBEHHO, MO OCAM 
Ox, Oy vu Oz. Tlol wx, @y H wz 30ecb Mospa3ymMeBalorca 
‘TIPOCKWMM YrIOBOH CKOPOCTH Tela Ha OCH CHCTEMbI KO- 
opfuunat Oxyz. YruoBaad CKOpOCTb Tesla ABJIAeTCA paB- a6 
HOMeHCTBYIOWeH Tpex BpallleHHi (cM. puc. 1): Bpalxe- y Z 
HHA BOKpyr ocw Oz co ckKopocrbio dé/dt, BpaweHua 
BOKpyr ocu Ox, (mpelieccua) co cKOpocTbIO h HM Bpa- BECoe 
WleHHA BOKpyr ocH Ox co cKopocTbio p (coOcTBeHHOe 
BpauleHue). Hwxe MbI orpaHHuNMcs” pellieHveM HavOoJlee C/JIOX%KHOH YacTH 
3alauv — ompefenenuem yruia HyTainu 9 uw ckopocTu Mpelleccuu A. 
CuctemMa ypaBHeHHlt Id ompefenenua 9THx BemMuMH (*) MOKer ObITb 
3anmucaHa B Buse 


oe — sin 8 cos 6 + r(t) Asin 8 + F(x) +f O=0, (1) 
“ [hsin® 6 + 7 (x) cos 6] + eff (2) Asin? 0—r’ (2) cos 6] = 0, 
. M, (1, 9) me (7) 
‘ee F(,)=—— 7; f() =->B; 


Tv 
r()=GOe()s (2) = Ox|sa0 exp [a | Mee (de |; 
0 
A—MOMEeHT HHepuuH Tela OTHOCHTeIbHO ocu Oy (uu Oz); C — Moment 
WHEpWHH TeJla OTHOCHTeIbHO ocu Ox. : 

B cmyuae, Kora t B ypaBHeHHa (1) aBHO He BXOMMT, paccMaTpHBaemaa 
3alada ABsAeTCH KJlaccuyeckoi (cM., Hatpumep, (?)). Llem1o Hacrosuieli 
paOoTbl ABJIACTCH BbIUHCMeHHe BbIPa%KeHHM (aCMHMNTOTHUeCKAX  pellleHuh), 
MPHrOWHbIX WIA MCCeOBaHuA pelleHul cucTembl (1) pH HawMyHH saBHCH- 
MOCTH OT Tt Ha OOJIbIIOM MHTepBasle BpemeHH O<t<1/e. 

Byzem mpeaqnosaratb, uro dbyHkuuu F(t, 6), f(t) wu r(t) sBasiorcaA Jo- 
cTaTOUHO riaikumu mpu OWtKt| HOKI<K 2x. OueBuyHoO Takxe, 4TO 0 
§ 9TH dyHKUHH uMeloT Nepuog 2x, Jina pemenuaA WaHHOl 3afauH 3fecb HaMH 
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Tak Ke Kak Hu pauee (4,5), OyfeT HCIHOMb3OBaH MeTOM «9TaJIOHHbIX» ypaB it 
Hennii (*). CyTb 9roro meToa COCTOHT B TOM, YTOObI BbIPaSHTb pelleHHiis 
pacCMaTPHBaeMbIX YypaBHeHHi uYepes pellleHHe Oowee MPOCTbIX ypaBHeHHIy 
(9TaJIOHHBIX), HO BCe %Ke OO/laalOllU4X OCHOBHbIMH OCOOeHHOCTAMH HCXOJHBIX Hit 
B paccMaTpHBaemom cyly¥ae B KaueCTBe 9TaJIOHHOM CHCTeMbl YypaBHeHHl}it 
BbIOepeM 


? (t) 0? 0,/Ow? — dj sin 8, cos 8, + r(t) dg sin 9 + F (t, 9) = 0, | 
ho Sin? 8, ++ r (t) cos 9% = G (ct), (2) 
rye o(t) H G(t)—mponsBoububle (PyHKUMM; MepemMeHHbie t HW @ HesaBH-l 
CHMBI. 


Byem mpemmonaratb, uro dbyHKuua 9, (t,@), SOyAyyYH ONpemeneHa U3 STHX|) 
ypaBHeHHH, COslafqaeT CJIeyYIOWWMMH CBOMCTBaMH: 


05 (t+ To) = 95(t,0) +19" 0,(c, 0) = £9 (+, 0). (3) 


OnHoBpemeHHO, B cusy (2), yHKUHA Ao (t, @) OyMeT YeTHAa 10 wo uM OyTeTH 
10 @ O6saaTb NepHORoM, TakKe paBHbIM Ty. 4 

O6utee peuienue 9, (t,@) HA, (t, @) CHcTemMbI (2) 3aBucHT oT 4 NpOusBOMb-} 
HBIX (PyHKuHH ~(t), G(r), A(t) wv Q(t), oHa H3 KOTOpHIX (NycTb 3TO Oy-/ 
Het Q(t)) angquTuBpHa K w. Ho faa Toro 4TOObI BBINOJHAOCb BTOpoe U3) 
papencts (3), d@yHKuHIO Q(t) Hafo NOJORKUTS paBHOH HyJIO, TaK 4TO MpOHs-) 
BOJIbHBIMH OCTaloTcaA 3 cyHKuMH —(t), G(t) un H(z). i 

V3 o6uiux TeopeM O 3aBHCHMOCTH pellleHuii guddepeHUMaIbHbIX ypaB- 
HeHuH OT TapameTpa cylefyeT, TO eCIH B BbIPAaKeHHAX DNA Oy (t,o) Hy 
ho(t,@) BbIPasHTb t H w Yepe3 ¢ MPH NOMOMIH COOTHOMEeHHH 


Cidi == 8," AOL = Ola), (4). 


TO NowyyatolulMecd TakKHuM oOOpa30m dyHKuHH ¢ OyAyT OTMMUATHCA OT pellie- 
HHA CHCTeMbI ypaBHeHHH (1) Ha BeJIMUMHbI NOpsAyKa © Ha Ka2XKJOM MHTep- 
BaJle BpeMeHH TopsAyKa efuHHubI. Jia Toro uToObl 3TH yHKUMH ObIH mpH- | 
POWHbI [Wit MCCeOBAaHHA PelleHHA CHCTeMbI ypaBHeHHH (1) mpu OSt< t/e, | 
HeEOOXOXMMO COOTBETCTBYIOMUM O6pa30M OMpeeIMTb Mpou3BObHbIe (yHKLHU 
o(t), G(t) uw H(t). BBetem c 3TOH WembIO B paccmoTpeHue (:byHKILMM 

0 (¢) = 0 (t, m) + 26, (t,@); A (f) = do (t, ) + By (1, ©). (5) 
Siech t H @ BbIpaxkKeHbl vepes ¢ MPH MOMOIIM cooTHOWeHH (4). S3amerum,,. 
uTO Korfa OS t< m/s, TO OK tt) H OXw< oo. Tlocrapaemea np no- 
MOL STHX (PYHKUHH YORJeTBOPHTbh cucTeMe ypaBHeHHH (1) C TOUHOCTHIO 
AO aWleHOB Nopanka e* mph OSM t</e. Togctapiaa dyuKuuu (5) B ypaB- 
Henusa (1) u nob3yscb (4), 6GyHem uMeTb 
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op (t) 0w2 ea Ao? sin Qo cos 05 -- r(t) Xo sin 6, He F (x, ) ne 
+s {¢° (t) a + [r(s) sin 8) —— ho sins] ee 
+ [F 6 (t, 8)) — do? cos 2 8) + r (t) do cos 99] 8, + 2 (1) oe 


; 00,\ okt 0; OR+1 h; “ 
+e (4 FES] + 8a (s Geral + ara €) =o 
¢ (7) - [ho sin? @ +- r(t) cos 4%] + \? (z) & [sin? 0), -F (6) 
+ (Ap sin 2 8) — r (t) sin 9,) 8] + ms [ho sin? 0, + r (zt) cos 9] — 


aktlg, gktl,  y 
- Va tis beg se tS TBR 
r’ (t) cos 8, -+ f(t) Ao Sin 0} +8 A» («, ac* Qo! > Raat? © 


Eso ue RRL. PS oomaay, 


= 0 
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becb Yepes Fo(t,9)) OOosHayeHa YaCTHad MpousBOmHaA oT cbyHKunu F (ct, 0) 

to 8. Koadbunnentst A, u A, IIpH ©* mpegcraBlsioT coboH dyHKuMu, orpa- 

JuseHHLte Mp OFpaHW4eHHbIX 3HaYeHHAX BCeX CBOHX apryMeHTOB, Kpome 9p, 

KOTOPbIH MOXKeT ObITh HEOrpaHHyeH H3-3a TOrO, 4YTO STH (PYHKUMA MMeIOT 110 
nepHoy, 2r. 

Usenbl Mopsyka efMHHIbI B STHX YpaBHeHHAX KOMIEHCHPyIOTCA MOJHO- 
TbIO B CHJy BbIOOPa STaJIOHHbIX YypaBHeHuli. Unenbl nOpaAyKa ¢ CKOMMeHCH- 
pyeM pH nomowmuH BblOopa myHkKuui 8,(t,@) HAY, (t,@). J]na 3sToro ux 
MeOOXONUMO ONpeleuTh u3 ypaBHsenuli 


0 


t} 


g(x) <2 + [r (2) sin 8) — dp sin 2.84] dy + [Fo (2, 94) — 28cos 20, + 
00 , 00 
+ 1 (t) ho COS Oo} 8, = — 29 (x) Ba re — [e' (*) + f(t, 9) 9 (2) at (7) 
hy sin? 6, + [A, sin 20, — r(t)sin6,] 9, = 


=o) 


0 
B 9STHX ypaBHeHHAX, TaK Ke kak HB (2), MepeMeHHbIe t H W He3aBHCH- 
mpl. OHOpODHaA YaCTb 9TOH CHCTeMbI ypaBHeHHH Meer pelenue 9, = 
= 08)/0@ yy = Oh)/OW, B YeEM HETPyAHO yOequTECA myTem Auddepenuuposa- 
HMA 10 ® ypaBHeHHli (2). Tak Kak fopsafoK cucTempl (7) paBen 2, 3Hanua 
JOMHOTO YacTHOTO pellecHHA OHOPOAHOH cHCTeMbI OcTaTOUHO ANA Toro, 
HITOOb! BHINMCaTb OOMHe BbIPAaKeHHA AA ynKunh 9, (t,@) Hw AY (t,o). 
YCNOBUA LWIA OMpeMeMeHHA MpPOMSBObHBIX CyHKUMH (t), G(t) wu H (ct) 
POpMyJMpytloTcaA Npw paccMOTpeHHM B ypaBHeHHAX (6) YeHOB McpsAyKa &?. 
jupe NOMOWM paccyX eH, He OTJHUAIOWMXCA OT MpOBeeHHBIX B (4°), MOXK- 
| 
| 
| 


ay {1G ) FF.) Eo + Ur) +F@)r @1\ cos0, do}. 


HO MO0Ka3aTb, 4TO eCIM Nph OMt Kt) PywkunA g(t) S>S>0, mepnor Ta 
B paBeHcTBax (3) He 3aBMCHT OT t HM, Kpome Toro, 6,(t,@+ To) = (1, w),. 
hy (t,@ + Te) = (t,@), TO dyHkunH A, uw Ay B ypaBHeHHax (6) OylyT 
OrpaHvueHbl KOHCTaHTaMH, He 3aBHCAIMMMU OT © IpH OWt<t/e. 

MoxXHO NOKa3aTb, YTO YCNOBHe He3aBHCHMOCTH NepHowa T. OT t MO3BONA- 
JeT ONpeeHTb OfAYy 43 3 yHKuNH —(t), G(t) H H(t). Henocratomjue 2 ycuo- 
BUA BbIBOMATCA MYTeM aHaJlu3a BbIpaKeHnu LA PyHKunH 9, (t,w) u Ay (t, w) 
MIpw oGecneveHuu NepvoOsMuHocTH STHX *yHKUMH Mo w. OTH yenoBuA mper- 
|cTaBaloT coOcH AudepeHiMa/ibHble COOTHOMWeHHA WH HMeIOT BUY 


T Q/2 Te? 
FARE Cardelat ACEC ation) 40 tiger HOME 
T @/2 T ol? 
+ f (t)G(t)] \ ho dw — [r’ (t) +f (*)r(t)] \ ho Cos 8 deo} = (0; ~ (8) 
Dee 
1G" () +f (2) Ge) 2 — Er’ (*) + Fr ()] | cos Ado = 0. 
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B caysae AM"* (t) =CM®*(t) ycnosus (8) unTerpupyiorcs H. MoryT OpITS. 
ganucaHbl B (opme 


20) | Qfde=Dew [lr war: 


G (2) =G lreoexp[—J f (=) de_ 


0 


r (9) 


rye D — M1pOH3BOJIbHaA MOCTOAHHaL. 
00 


Vrak, HaMu To/y4eHbI BCe COOTHOLIeCHHMA, HEOOXOMMbIe [Vit BbIMCJICHEA 
cynkuni % (t)u X(t), yuoBeTBopsIoWMXx CucTeme ypaBHeHHi (1) C TOUHOCTB) 
no e np u0<Vt<r/e. mn . 

Uneubl nopaaka © B BbIpaxenuax (5) gia @(¢) w A(t) MpeacraBlAKy 
co6ofi Mable KONeO6moulHecaA OOaBKM K TJlaBHbIM WJIeHaM, WM MX OOBIYE} 
MOXKHO HE YUHTHIBATb, MOITOMY (POPMYVIbI [NA BLIUMCeEHUA ACHMMTOTHUCCKHL: 
pelluleHHH MOXKHO OpaTb B BHye . 


8, (t) = 9 (t, @);  (dO/dt)y = 9 (z) A09/de, (ai 


t i 
rhe t= et; © = @) + \¢ (et) dt; @)— MpOu3BOJIbHaA MOCTOAHHAA, HW aHaJich 
’ ; 


THUHO JwIa CbyHKWU Ay (t) u (dd/dt)o. 
®ynkuusa —(t) (MrHOBeHHaA YacTOTa) CBH3aHa C MIHOBeHHbIM MepHosoiy 
KONeCOaHHA WH BpalleHuA Tea mp Nomomu copmysbt T (t) = To/¢ (th 
OrsMuve MrHOBCHHOH UacTOTHI ((t) OT HYJIA ABJIACTCA OCHOBHbIM YCJIOBHElfi 
TOUHOCTH ACHMMTOTHYeCKHX pelleHHi. 
YkaxkemM Ha ciyyal (cayyaH Jlarpanxa), kKorzla 


Pa, 0) Oc) cirrus (11) 
Peilenve CHCTeMbI STAJIOHHbIX YPaBHeHHH MO2%KHO UCKaTb B BHse (7) 
cos 0 (t, ) = A(t) + B(t) sn? [K (v(t)) @, v(t)]. (12, | 


CooTHOMeHuA WIA ompefenenua cdynKunh A(t), B(t), v(t), a TakxKe *PyHK} 
uu (t), G(t) u A(t) mMonyuatorca myTeM nopctranoBku (12) B STaNOHHbIE| 
ypaBbHenna (2) u B YcJIOBHA NepHosnunoctu (8) (usu (9)). “+ 

YkKaxKeM Tak?Ke Ha CuyUal, Kora pellleHve 93TAaNOHHOrTO ypaBHeHusA 
0o(t,@) H ho (t,@) He 3aBHcuT OT wm. YpaBHenua (2) u (8) pu Takom mper-y 
MOJIOXKCHHH BalMCbIBaIOTCA B BUTE 


— ho? sin 8) cos 8) + r(t) Ao sin 0) + F (tz, 89) = 0; 1 
o Sin? 85 -F r (zt) cos 0) = G (zt); (13)) 
G' +f (t)G@ = cos %[r' (*) + F(x) r (aI. | 


Jipwxkenve MpescTaraeT coOo perysApHylO MpereccHio ¢ meyWIeHHO 3Me-4 
HAIOIMMUCA MapameTpaMu 0 (ct), do(t) H G(t), AMA OMpedemeHHA KOTOPBIX } 
(pPakKTHUeCKH HEOOXOAUMO PENT JMUb OFHO udpepenuuambHoe ypaBnenne} 
nepBoro Nopsqka. GaMeTuM, uTO ypaBHeHusd (13) MoxHO cpasy nowyuNTD u3 
cucTeMbl (1), eCJIM CUHTaTb, 4TO ee PpelleHuA ABAAIOTCA (byHKUMAMH t= ef,. 
H, NOMb3yACb STHM, MpeHeOpeyb NepBbIM HM MOCJI€IHHM UeHaMH B MepBOM 43 | 
ypaBHennu (1), KOTOpble OKa3bIBaIOTCH NMopsAyKa &?. 
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rFHHPOMEXAHHKA 


il. A. IPPOC u HW. &. KYPAHOB 


O PACYETAX TEYEHHH FA3MPOBAHHOM DKUKOCTH 
NPH ABYNAPAMETPHYUECKOM XAPAKTEPHCTMKE 
MIPOHHLAEMOCTEM 


(ITpedemaeneno akxademuxom JI. H. Cedoeom 4 I 1960) 


IIpu rufpodunHamMuyeckux pacueTaxX TeyeHHH YTa3HpoBaHHOH > xKHAKOCTH 
MOJIb3SyYIOTCA OObIYHO OTHOCHTEJIbHbIMH IIPOHHIaCMOCTAMH, 3aJaHHbIMH B Buse 
gapucumocte F,(e) H Fx (p), KOTOpble OMpeszensloTca B ONbITaX MO (duJb- 
Tpalluu cMecH 2%KHAKOCTH MW ra3a, BBefeHHOrTO M3BHe. J\aHHbIe HOBBIX UccJe- 
qopaHul (°) MWoKa3biBaloT, OfHaKO, YTO Mpu cTalMoHapHolh dunbTpaunu 
‘daCbILICEHHOH Ta30M 2KUKOCTH CyULeCTBeHHO Oovlee NOWHOe ONMcaHue Npomecca 
Aaior AByNapaMeTpHyeckue 3aBHCHMOCTH Bua 


Rk. cS Rag * 
P= Eee En (Po) 
M UM SKBYMBaJICHTHDIe. Siecb k; at ky — TIpOHHLaemMocTu ANIA Ta3sa MW WA 
IKUIIKOCTH, k — pavanbHaa MpOHHWaAeMOCTb, 9 — HaCbIULeCHHOCTb 2KUJKOCTbIO; 


* 


p= P/P,, rne P;— JaBsmenne Ha Bxose; = 3)’ rye S(P) u leu pa: 


BeJICHHbIe K JaBJIeHHIO P, OObeMHbIN KOSPPHUMeEHT PacTBOPHMOCTH VM ra3oBbili 
(akTop. 

B Hactosilel paOoTte paccMaTpHBaeTCA BO3MOXKHOCTb IIpHMeHeHHA JBynapa- 
MeTpHUeCKHX 3aBHCHMOCTeH JIA NOCTpOeHHA TeYeHHH VM MpHBOAATCA HEKOTO- 
pple MpHMeppl. 

1. CramwuoHapHble TeueHua. [[ponmmaemoctbh pu dusbTpalun ra3su- 
PpOBaHHO 2KMAKOCTH OMpeyesAeTcA CTpyKTYpoH BHyTpuNopoBoro Teyenna (°), 
KOTOpad B CBOIO O4epefb MOKeT 3aBHCeETb OT HCTOPHH JBHKEHHA, T. e. 
OT 3aKOHa H3MC€HEHHA HaCbIIeHHOCTH HM MpHBeeHHOTO aBJIeCHHA JIA 9JIeMeH- 
TapHoro oObema. BeneycTBHe sTOrO OMyCTHMOCTb IpHMeHeHHA SKCMepHMeH- 
TaJIbHbIX JaHHbIX, Hal eHHbIX B JIMHCWHOM TeYeHHH, JIA TeyeHHH c pyro 
reoMeTpHel Tpe6yeT MONOHUTebHOrO HCCeMOBaHuA. CnelvasIbHO MOCTaBJIeH- 
Hbl€ 9KCIePHMeHTbI MOKa3aJiM, YTO JaHHble, HalieHHble B JIMHeEHHOM TeueHHN, 
MOryT ObITh MCMOMb3OBaHbI JIA MPHOJIM2KeHHbIX paCUeTOB MVJIOCKO-palMaJIbHOrO. 
CnelyeT nojaraTb, 4TO YOBJeETBOPHTeJIbHbIe pesyJIbTaTbl OyAyT Nowy4eHbl 
Tak2xKe H JA TeEYeEHHH B CHCTEMe CKBa>KHH. 

Jina ycTaHOBMBIerocaA TeveHHA Tp BBeJeEHHH JBylapaMeTpHYeCKUX Ipo- 
HUIlaeMOCTeH COXpaHAeTCA H3BeCTHOe pelleHHe (°), CBOAAMee 3alauy K MO- 
CTPOeHHIO NOTeHUMaIbHOTO TeyeHuA. B faHHOM culyyae B KaveCTBe 3aBHCH-" 
MOCTeli, OMpeJeNAIOINHX MpOHUMaeMOCcTH, yQOOHO NpHHATb Fx (p) H Fx (P’,). 
B craumonapHom teyenuu [’= const u P;=const. Benuunna Fy saBuJaeTcA 


(byHkKuMel ofHoro nNapametpa P =const- P. M3 coornowenua 


Fee s Fy, (P) dP ; 
(P) == bP) \ HET) () 
P 


H 
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HAXOMMTCH MOTeHIMa, a 3aTeM HM pyrue Mapamerpbl Teyenua (8, 6), Sie te 
U,, — BASKOCTbh HM f — OObeMHbIM KOIPMDULHEHT 2%KATKOCTH. 

B KayectBe MpHMepa paCCMOTpHM pacueT HHAMKATOPHbIX KPHBbIX Wy 
clydasdt M0cKO-pafuasbHoro upHToKa. IIpumem, 4TO MaBseHWe HacCbILILCHhy 
Py,  MeHbIe KOHTYPHOI 
naplesua Py =const. Sif 
6olHOe aBJIeHHe Po< Pp 


QB 


P>P, u P< Ps, MOKA 
BbIUHCJIMTb (*) HCKOMY1O 346 
BucuMocTb Q (AP) (puc. 246 
PacueTb! ObWIM BbIMOJIHeH 
WIA JBYX HedTel c pasJMpe 
HbIMH (PH3HUCCKHMH CBOLC{O 
BaMH *. I 

T]ponumaemocTb pH Tih 
YeHHH Ta3HpOBaHHOH KU Ae 
KOCTH 3aBHCHT OT (u3n4de; 
KHX CBOHCTB Here HW ra3soys 
Han6oulee CyitlecTBeHHO BJ 
eT OTHOWCHHE BASKOCTED 
Ur/. aia Hepta A uci 
30BaHbl Xap aKTepHCTHK|? 
IIPOHHWaeMOcTH, MpHBexeye 
HbIe B paOoTte (°); Waa Heh 
TH B XapakTepucTuku any 
Ha puc. 1. 


Puc. 1. XapakrepucTuku mponife 

uaemocTw F,. (P*, A). Hecmemeijs 
THPOBaHHbIM TMecOK. 

Gp 5 v7) tp / tye = 0,00090, S =e 


Paccmotpenue pe3ysbTaToB pacuera (puc. 2) MOKasbIBaeT, YTO NpHMeHeHH| 
OHOMapaMeTPHYeCKHX 3aBMCHMOCTeH JaeT 3aBbIINeHHbIN BeOuT. Pasnuune ae) 
OuTOB HaHOoulee CyUeECTBEHHO JIA BASKUX Herel. i 


Os 


Puc. 2. SapucumocTb Oe3pa3mepHoro je6uTa g = 
=Qpy(P,) / mAP,,R or nenpeccun AP=P,--P.. 1— O10 
OWHONapaMeTpHuecKkad XapaKTepHCTHKa MpoHuIaemo- 
cTH, 2 — JBymapamMeTpuyeckas. A—unedTp A, cpemHee 
3HaYeHHe BASKOCTH (Pox dep = 2,3 cn; B—uHedrp B, 


(x )ep = 20 cm. Paguye kontypa r, = 250 M, a- 00 
@ektTupypi paguyc cKBaxkunnt r,= 10-3 Mm; P, = 


=165 ata, P,, =140 ata. Baskoctb ra3a vp» = 0,018 cn 


2, HecTawuouapupe Teuyeuug. B HeCTallMOHapHOM TeueHHtT} 
SalaHve HaCbINLeHHOCTH HW MPHBEACHHOrO JaBJIeHHA, BOOOULe TOBOpsA, He oMpe} 
WeAeT HCTOPHH ABYKEHHA ZJIEMCHTAPHOrO O6beMa, H OHA MOET B HEKOTOPBIM 
Cly¥aaxX PauKaJIbHO OTMYATbCA OT TOO, YTO MMeeT MECTO B CTalHOHapHoM, 


* CBoncrBa HedTei B3aTbl 13 pa6orst (2). 
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fevenuu. B Tex cily4yasx, Kora 9TH MCTOPMM JOCTATOUHO OuM3KU, AIA pac- 
H€TOB HECTAIMOHAPHOrO TeYCHHA MOXKHO HCIOb30BaTb JAHHbIe O IPOHHIaeMo- 
TH, HOJYYeHHbIE B CTalMOHaPHOM; B NPOTHBHOM CJlyyae Tpe6yerca JoNou- 
MTeIbHOe HCCeOBAaHHe. 

Tloub3s0Banve CTalHOHapHBIMH MpOHUaeMOCTAMH BO3MOXKHO, B YaCTHOCTH, 
PH WOCKO-pafMasbHOM TeyeHuu. OOpaooTKa B aHrpaH>KeBOM NpemcTaBsenuu 
PKCIEPHMCHTAJIbHDIX JAHHIX MO MOE MPOBaHUIO pas 
CTOUWLCHHA KPYFOBOH saexu(*) NOKa3bIBaeT, 150 
TO B OKPe€CTHOCTH CKB@KHHBI, Tle HMeeT MeCTO 
DCHOBHOe TlafeHHe faBJICHHA, HCTOPHH JBMKe- 
MA 3JIEMCHTAPHbIX OOBEMOB OUeHb OJIM3KH K 
CTOPHAM 8B CTAaWMOHApHbIX TeyenHax. Ha yqaue- 
HMM OT CKBaXKHHbI MpOHHIaeMOCTH pH ABUKE- 
JHMM TaSHPpOBaHHOM MRKUAKOCTH MaJlO OTMMYAIOTCA = ax 
OT MIpOHHaemocTeH pu ABuxKeHHH cmecH (%). 30 
COMOCTaBJIeHHe paciipesqeseHHH aBJieHHA CTa- 
MMMOHapHoro M HeCTallMOHapHOoro TeyeHHi npu 
aBHbIX JeOuTaxX HM TasOBLIX (bakTOpax MOKAa3bI- 
WBACT HESHAYHTEIbHOe Pa3sJIHUMe B aBJICEHHAX Ha 
WKOHTYpe. Iloastomy vIn pacueToB MOCcKO-paju- 
aIbHOTO HECTAIHOHAPHOrO MpHTOKa MOXKHO IIpH- 
meus IIPOHHILAeMOCTH, OMpPeesIeHHbIe B CTa- 
lauonap Hom TCYVeHHH, TIPHHAB 3a BeJIMYMHY MpHBeJeHHA KOHTYPHOe aBeHHe 
}P,(¢). Tako BbIOOp BeJIHUHHbI IpHBeMeHHA MOET BHECTH JIMUIb HE3HAUHMTEJIb- 
Hy!0 TlOrpeWlHOCTh B OlpesesteHuve NpoHHWaemocTeH MpHCKBaxKMHHOH 30HbI. 
[aa Bee ocTasIbHOH OOnacTuH P°= 1, T. e. cpesHelacTOBble MpOHUMIaemMocTH 
IMpakTHYeCKH COBMaaioT C MPOHMIaeMOCTAMM WIA CM€CH, YTO COOTBETCTBYeT 
pesyJIbTaTaM MpOMbICJIOBbIX H Jla6opaTOpHIX uCcMeLOBaHHH (?,*°). 
Bespa3mepuHble ypaBHeHHA IMJIOCKO-payHaJbHOrO TeYCHHA UMeIOT BHI 


,folz()F,@P) ap] , af SP)Fx®) ap]] 9 %. Spin. 
Lal nO) ar | + ae] a, ER) a |j mal?) — A + eae 


1a{ Fx) Be ae | 
r 3 | are el =F B(P) 3 (2) 


Bxogamve B ypaBHeHua (2) Oespa3MepHble BeJIMYHHbI — payuyc fr, Bpema 7, 
Napaenve P, BASKOCTb w% HW BeJIMUMHA Z— OMpefeAIOTCA COOTHOLMeHHAMU 


00 


eee 2 we Ra (Pala iba. Pa 
alr “Taye (Pala (72) gm’ Cy. 
Pg bl i ean dd 


Sst Lox (Pyle ; a Le rw la Pa R 


Tye m—opucrocrh, 7, — OObeMHbI Bec 1a3a, fx — pauyCc KOHTypa. VMuyexc 
d ykKa3biBaeT, UTO BEJIMUHHA ABJIACTCA pa3MepHOH. 

Ypapueuusa (2) uMeloT TOT %Ke BHA, YTO HM ypaBHEHHA AVIA OHONapa- 
MeTPHueCKUX XapakTepucTuK Mponumaemocty (*, °, *). CymlecTBeHHOe pasmMune 
3aksOUaeTCA, OJHAKO, B TOM, 4TO, Tak Kak P =P/P,x, TO kKoadPutvexThl 
ypapuenuli (2) cofepxkaT HeusBecrHyio 3apanee sbyHkuulo Px (t) = P (UE) emer 

PaccMoTpHM McTOoIeHHe KpyroBol s3avlexH MpH pexKHMe paCcTBOPeHHoroO 

% * * 
rasa. Ha xoutype, rie P =1 wu cynkuna WV (p,P)= Fr(e,P)/F (9) co- 
Briagaer c dbyHkuHen (0) cMecH, OCTalOTCA B CHJIe CMBICJI H KOJIHYCCTBEH- 
HbIe pesy/IbTaTbI pemenu (°,*), ycraHaBaMBalomlu4x 3aBucumocTb P(p) Ha 
HempoOHHaemo skBUuNOTeHUMaIH. JIA TeyeHuA B WeJIOM PpelleHHe CHCTeMbI 
(2) 6e3 JONONHUTeAbHbIX MpeAMONORKEHHH MOXKET ObITh NOY YeHO MIUb YACICHHIM 
TyTeM. 


5* Doo» 


YaoperaoputenbHoe MpHOmxKeHHe aeT B NaHHOM Cilyyae MeTOA TOCIp 
jlOBaTeIbHO CMeHbI CTaUMOHApHBIX COCTOAHHH (°,7). Tlomyaenupie 37 
MeTOJOM pe3yJIbTaTbI pacueTa Mpollecca MCTOMeHHA IPH MOCTOAHHOM 3a6¢hs 

* 
HOM JlaBuleHuu JaHbl Ha puc. 4. 3aBNcNMocTH Px(ox) (puc. 3) u PG 
Haxolusuch M0 ciocoby, onucaHHomy B paOore (*). Jlasee Aa pada SHarye 


005 


Puc. 4. Uamenenne jeOvra Bo BpemeHH B Tpoue p 
ucTromeHua. 1 —ofHolapaMeTpwueckanH XapakTe} 
cTHKa MpOHMiaemocTH, 2 -— ABynapaMeTpHyecKi 


A—nepts A, P,=140 ara, P,= 100 ara; By 
nepTb B, P,, = 150 ata, P, = 100 arta. Ounsnueck 
cBolicrBa Herel MH Ta3a Takve Ke, Kak WIA PCE 


Hn k= const cormacHo (1) Bpruucianach dyHkuna C. A. X puctuaHoBayie 
ONpeseIAJICA JeOHT MH NPYMeHANOCb ypaBHeHHe HCTOIULeHHA. , 

Paccmorpenve pe3yJIbTaTOB MoKa3bIBaeT, TO MOMb30BaHHe OHOMap|y 
MeTPHYeCCKUMH 3aBMCHMOCTAMH JWIAt TIPOHHUAeMOCTeH MpHBOLMT K 3asbIlleHH! 
eOuTa B MepBbId Nepuo 4 kK 3aHW2KeHHIO BPeMeHH paspaOoOTKH. 

B 3akJHOYeHHe OTMETHM, YTO TByMapaMeTpHyeCKHe 3aBMCHMOCTH JIA mp 
HMUaeMOCTeH MOryT ObITb MpHMeHEHbI TaK2Ke K ABTOMOJeJIbHOMY PpellleHHTs 
3alau © TeYeHHM TaSHpoBaHHOl XUAKOCTH K TOYeUHOMY CTOKY B HeorpaHif 
YeHHOM Iilacte (°). Syecb BBeweHve JByNapaMeTPpHY¥eCKUX MPOHHILaemoctTe! 
H€ BHOCHT JOMOJIHUTe/IbHEIX TpYyHOCTeli B BHIUMCIeEHHA, TaK KaK BeJIMUHHP 
npupeyenua Py = P(r, t)|,_.= const, a KosPPUUMeCHTbI ABMAIOTCA H3BECTHBIM 7 


@YHKUMAMH JaBJIeHHA, HacbIlleHHocru H Oespa3MepHol KOOPMHATHI. 


Beecoi3Hbili HedTrera3oBblit Iocrynusio 
Hay4HO-MCCeOBATeIbCKHH HHCTHTYT 30 XII 1959 
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PH3BHKA 


Axanemuk AH TypxmCCP P. ©. AHHAEB uw A. AJIJIAHASAPOB 


AHHSOTPONMA FAJIGBBAHOMATHUTHOLO J®OEKTA 
B KPHCTAJIWJIE TEPMAHWSA n-THNA TPH TEMMEPATYPAX 
MEPEXOMHOU OBJIACTH MPOBOJMMOCTH 


B Hallux mpenbiymux padorax (7,”) ucceqoBaIMCh MpOOJIbHbI wu MoMeper- 
BIH Ta/ibBaHOMarHHTHble SppPeKThI Ha OMHOM UM TOM Ke OOpasie MOHOKPUCTaa 
PepMaHuA n-TuMa NO TviaBHbIM KPUCTasJIOrpapuyecKHuM OCAM IIpH KOMHaTHOK 

emllepaType. OKCIePHMeHTaJIbHO ObIIO NOATBEPRKAeHO HaNIMUNe B MCCIELOBaH- 
| OM OOBEKTe AHH3OTPONMM MO OTHOUICHHIO K FaJIbBaHOMarHHTHOMY acppexTy. 
Rleibio WaHHOH paOoTbl ABJIAeTCA HCCJIEMOBaHHe AHH3OTPONHAM 9TOrO a*pdeKTa 
B MOHOKPHCTaie repMaHua N-TuMa Ip TemMepatTypax OG6NacTu, NepexoqHOH OT 
MIpHMe€CHOH MpoBosumocTu K COG6CTBeHHOM, YTO NO CHX Nop He u3y4eHO. 
Teopua rasibBaHOMarHuTHOrO addekTa, AOMycKalollad aHH3OTPONHIO B dopme 
ASOSHEPIeTHYeCKHX MOBeEPXHOCTeH, B OCHOBHOM paspaOoTaHa JIA 3JICKTPOHHBIX 
TbIPOUHbIX NOMYNPOBOLHUKOB kyOuyecKo CucTempl (37°), Ho emle He pa3spabora- 
Ha MIPMMeCHUTeJIbHO K MOJyNpOBOAHUKaM THIa repMaHHA HW KPCMHHA OTHOCHTEIb- 
HHO TIEpeXOZHOM wu COOCTBeHHOM OGacTeH MpoBogumoctu. Tlostomy MbIl MoxmKeM 
ONOCTaBHTb C TEOPHEH TOMbKO SKCNEPHMeHTAJIbHbIe JaHHble, MOJYYeHHbIe B OO- 
acTW NpumMecHou mpoBogzumoctn. JLia sToro HaMH Oblia BEIBeZeHa (?) ~opmMy.ia 
raJibBaHOMarHHTHOrO a B Bue 


ae > gihi + ky 5 (hj — gigjhih) | A’, (1) 
Nyale § pl 
rye 8; YW h; Hallp aBJIAIOULHe KOCHHYCbI €THHUYHbIX BEKTOPOB COOTBeETCTBEHHO 


|QJIEKTpHYeCKOTO TOKA WH MarHHTHOFO MOJIA MO OTHOIMEHHIO K TeTParOHaJIbHbIM 
JOCiM KpucTada KyOuueckoH cucTembl; ky, wu k,—KOHCTaHTI, KOTOpbIe 
ABJIAIOTCA (PYHKUHAMM OTHOWIEHHA MpOMOJIbHOH 9cPekTHBHOH MaCCbi SJIEKTPOHA 
K llomepeuHok Mm [m, =f, T. e. 


: 8 ur (2r+1)(r— 1)? pA uP (2r + 4) (27? + Br + 2) (2) 
0° Bre? or (r +2)? um tt asec? ir (7 42 2)*: ; 


u“ — MONBUXKHOCTh HOCHTeJIeH TOKa, C —CKOPOCTb CBeTA. * 
| Kak sBuguo u3 dopmyvni (1), BemuanHa sdpdekra NponoplvoHa/ibHa KBaJ- 
paTy Halps2KeHHOCTM MarHuTHOorO Moma, T. e. Ap/p, =—bH?, wu pasmmuna 


WIA pasJIMUHbIX KPHCTaorpapMyecKNxX HallpaBJenni. 
Bursucnenun mo copmyse (1) WIA 3aqaHHoro 3HaYyeHHA NOJA MaloT cue- 
yroulee cooTHoueHue KoapPunuentos b Bomb ocel [100], [110] mu 111): 


boo) = 201101) = 30p117 1 - (3) 


Jlna monepeyHbix a:pcbeKTOB MO OTHOMWeHHIO K yKa3aHHbIM OCAM B IIJIOCKOCTH 
(110) us Teopernueckol cbopmyw (1) nomyaHM 


brow = Opwit < Opi: (4) 


Teopermueckui Koappunnent 0 cojepxuT NapaMeTp / HM NponopuMoHnaseH 
KBaylpaty nmogxeuxuoctu. IIpoctaa Teopua momympopogunkos (’,*) c yueTOM 
PacceHBalollux TeINJIOBbIX poneane pelleTKu laeT JIA TeMMepaTypHOH 3a- 
BHCHMOCTH TlofBYxKHOCTH u=aT ”, re @—MocTrosxHHad BemmunHa. T[loz- 
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cTaBJIAd 3HaueHHe uw B (popMyvibl (2) H BBOAA HOBble OOO3HaYeHHA 
, —3 , —3 , 

ky = Rol fy hte nae () 

nomyyum u3 (1) qa Kosppuunenta raJibBaHOMarHuTHOTO apdekTa 


3 3 | 
A : 9 J, 4 2 ; ; —3 
P| =o=e Di gtk 2) hi —g efi) 7. (6 
PH i=1 i+j=1 | 
TakuM o6pa30M, B OOmacTH IIpHMeCHO MpoBo,UMOCTH MPH CcaObIx ee 
BeMunHa asdpekTa OOpaTHO MpONOpWMOHabHa aOcOJOTHOH TemMepaType 19 


Tir iw 


Puc. 1. Sapucumoctb :AR/R,, ot H® fA MpooMbHOTO TaJbBaHOMarHUTHOTO 


apibekra: Mo riaBHbIM KpHcTaWorpauyecKHM OCAM KpucTada repManua. ]—0°; 
2—20°; 8—8S0,5°, 4—95° 


TpeTbeH cTemeHu, H 3aBucuMOCcTL b = [(T~?) Kak JIA WpomoOMbHOrO, Tak U asl 
momepeqHoro sc*ekTa pasJIHYHa AVIA pasJIMIHbIX KPHCTAaMMOrpapuyeckux HalpaB-} 
menu. Mccneqyemplt o6pasell repMaHua Obl B3ATB COopMe Wlapuka uamMeTpOM 
29,5 MM, BbIPe3aHHOFO H3 KPyNHOrO OMHOPOAHOTO MOHOKPUHCTaa C YesbHBIM} 
CONpOTHBJIeHHeM OKONIO 18 OM-CM (KOHILCEHTPallHA JOHOPHbIX 3JIEKTPOHOB OKO-} 
mo 101* cm~?). Tlomyuenupie WaHHble MO3BOJIAIOT 3aKJNOUHTb, YTO MPH KOMHAT-} 
HOH TeMMlepaType H HHKe €€ OCHOBHBIMH HOCHTeEAMH TOKAa B OOpa3zie ABJAIOTCA} 
TIPHMECHBIE SJIEKTPOHBI, a BbILe KOMHATHOM TeMIepaTypbl HMeeT MeCTO Nepexoy 
K OOsacTH COOCTBEHHOM MpOBOAHMOCTH. STO 3aksIOUeHHE ObIIO MpOBepeHO u3Me- 
peHHeM TeMMepaTyPHOM 3aBHCHMOCTH SJICEKTPOCONPOTHBeHHA KpuCcTama. Bp 
YHCJICHHad SHEPUA AKTHBALMH HM WMpPHHa 3aMpelleHHOH 30HbI OKAa3aJIHCb COOT- 
sercTBeHHO AF,~ 0,04 58 u AE,= 0,75 5p. 

PesyJIbTaTbl HCCJe€AOBAaHHA MpOWONbHOrTO Hw ToMepeywHoro LasibBaHOMarHuT- 
HbIX SpPeKTOB Mp pas/MUHbIX TeMIlepaTypax NO TiaBHbIM KpUCcTaorpapuye- 
CKMM_OCAM IIpuBeqenbl Ha puc. 1 w 2. OrmeruM, 4TO Tipu Bcex TemlepaTypax HaMu 
Oblla OOHAPyxKeHa AHUZOTPOMMA B KPUCTaIe repMaHUA MO OTHOMICHHIO K Hpo- 
JOJIbHOMY HM MOMepedHOMy TaJlbBaHOMArHUTHbIM adcekTam. PasaMuva B BeIH- 
YHHAaX SPPeKTOB MO PMlaBHbIM KPHCTa/OrpapuyeckuM OCAM (3a HCKJIIOUeHHeM 
pe3ybTaTOB, COOTBETCTBYIOULUX TeMMapatype 95°) HaxoqATca B Corjacuu c 60- 
Jee PaHHAMU BHIBOaMM aBTopos (*) Qua repManua. M3 dhopmy.apr (1) cuenyer, 
YTO BeJIHYMHbI NoMepeyHoro adbpekTa mo oTHowexnuIO K ocam [001] u [110] 
Tip 3aaHHOM M@rHATHOM Nove JOJKHbI ObITb PaBHbI, OHAKO 9KCMePMMeHTAaJIb- 
HbI€ BeJMUMHbI pasJIMualoTCA. 
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IIpn caa6pix nosax BenHuMHE aibdekToB 3aBucaT oT H? sHHeHHO. 
3 TaHTeHCa yIvla HaKJOHA MIPAMbIX BBIMHCIANHCh KoapPuUneHT Mmponop- 
(woHaIbHocTu 6b = AR/R,,A*. Uncnenupie pesybTaTbl MpHBeseHb! B Taba. |. 
OKCNEPHMEHTAJIbHbIC OTHOMMEHHA MPOAOJbHOFO FasIbBaHOMArHUTHOLO apiek- 
a OTMMYaIMCh OT NOMYYeHHEIX Mo TeopeTHYecKOH opmyvie (3): BeJIMUHHBI 
ppiekTa MO TpeM TwaBHbIM KpucTasorpaduyueckum ocam [001], [110] u [111] 
O/IbIue, UCM COOTBETCTBYIOWIMe HM TeopeTHYecKHe Ha BeuUHHY B, Ooo) = 
261110) || — B =30tn | — 28. Ta6anuna 1 
oOvlacTH IIpHMecHOoH Mmpo- 
OMMMOCTH 9TH COOTHOLICHHA 


ex resce UW, Sey 


i 

i 

| . = 

a ae 

HOBOJIbHO XOpoOwlo yoBseT- < S, . 

pBOpAIOT cbopmye (3) pu peo Bee ve 273°K | 293°K | 323,5°K| 368°K 
ae 1,44- 107°. cee doe 

| B o6OnacTH mpuMmMecHon 

fap OBONHMOCTH pe3syIbTaTbl [0041] | [004] ko 2700 Nell (dhe AO, So 
FOKCIEPHMEHTabHBIX uccre- — [004] | [110] 4 1,37 | 1,34) 1,24 rs 
lqopanult nonepeunoro ranp- [140] | [110] | 2Ro DOT BONO. 

| [110] | [004] ky [| (Ae) |) aL ee | ALA |) Oe 
} BAHOMArHUTHOTO sexta [144] | [144] 1 / sho 185 A Toa 23 oOo 
HCOrIaCyIOTCA C TeOopHeH, [114] [112] Rint lek Lato.) di, (Al bo Ooo, oO 


| 
j 


QOMycKarouleH aHu3O0TPOMUIO 
B POpMe H309HEpreTHYeCKHX MOBEPXHOCTeH SJIEKTPOHOB B 30HE MpOBOAMMOCTH 
‘TrepMaHua. ConocraBiad OTHOLIeHUA MOMepeyHBbIX 3pPeKTOB OTHOCHTEIbHO OCel 
[001] u [111] c reopwei wu uckmouad 3HaueHHA NOABHKHOCTH, MbI MOrJM 
| BIYHCJIHTb OTHOLIEHHE MpOROJbHOK JipPeKTHBHOH MACCbI SJIEKTPOHA K Tolepeu- 
‘HOM uM Momyunmu r = 22, uro xopoulo corsacyeTcaA C aHHbIMH WHKJIOTPpOHHOTO 
“pesonanca (°). 

C noppillieHveM TeMMepaTyPpbl BbILIe KOMHATHOM OOHAPyXKUBaeTCA YMeHbIIIe- 
Hue r. Tak HallpuMmep, 43 .aHHbIX, COOTBETCTBYIONIUX Temmepatype 50,0°C, momy- 
geno rf = 19. S70, NO-BUAMMOMY, CBA3aHO C TeM, 4TO B MPOBOAMMOCTH HauHHaloT 


Puc. 2. 3asucumoctb AR/R,, or H? ja nonepeywHoro YaulbBaHOMarHuTHOrO atp- 
(bekTa 10 raaBHBIM KpHcTasorpaduyeckHM ocaM. OOosHayeHHA Te Ke, YTO Ha puc. 4 


yUaCTBOBaTb JIbIPKU, H309HEPreTHYeCKHe MOBePXHOCTH KOTOPBIX B BaJIeHTHOH 
30He UMEIOT Oovlee CIOXKHY!IO POPMY, H, CIeMOBATebHO, B HalMX pacueTax NOJy- 
yYJIOCb Kak Obl yKOpayMBaHHe CONbIMOM OCH S/JIMNCOMa BpallleHuA C COOTBET- 
CTBYIOULUM YAIMHeHHeM MaubIx Oceli. [loqoOuble pacueTb! pH BLICOKUX Temnepa- 
TypaxX TepsAIOT CMbICI, TaK KaK C y4¥aCTHEM B MpOBOAMMOCTH AbIPOK CO 3HadHTEJIb- 
HOM KOHILEHTPalluel (busHyeCKad KapTHHa AHMSOTPONHH elle Ooulee YCOXRKHACTCA. 
CorjlacHO TeOpHu * MOXKHO ONPeMeIHTb HECKOJIBKUMH HYTAMM, ONHAKO pe- 
3yubTaTbl MOryT pa3simuaTbca. HegqaBxo Tenna-Ileproma u Cerre (7°) yKasauu 
Jia r 3Hauenua, KOeOmomMeca oT 8 no 12. IIpeycTaBiaetca, 4TO 7, BbINHCJICH- 
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HOe 43 H3MepeHHlt acpcekta Xoa UW MOMepeyHOroO FaJIbBaHOMALHUTHOLO acbpekTé} 
M10 OTHOWeCHHIO K JaHHOM OCH, MOXKeT HMCTb MeHbillee 3HaveHHe, FEM MOJly Hey 
HOe 110 TOMbKO 4TO OOCYXCHHbIM METOJaM, TAK KaK B HEKOTOPHIX CJlyyaAix NO 


(beKTY OKa3biBaeTCA MeHBbIe, YEN 
to adbdbexty Xovwta. 


WM CNeETOBAIIO OMUTATb, B COOTBECT- 


CyuadX JIA pa3sJIMYHbIX KPHCTaJ- 
JlorpaduyeckuxX HallpaBJieHHi m0 
JYUeHbI pasmMuHbIe KpuBble. IIpy 
5 TeMMleparype MepexoqHow o6sacTH! 
” yaOsmrofaeTca peskuH meperu6 B 


Puc. 3. 3apncuMocTs Koad puunuentos b=AR/R,H? 


ot T-3 no raaBHbIM KpucTasJorpapHyecKuM OcCAM 
Kpuctamia repManua. J — Ana NposombHOrO ap- 


B CJydae MomepeyHoro 3ddexkTa). 
IlomzyueHHpie 3HaueHHA fF = 


dexta, /] — ja MonepeuHoro at /m’,, TakOT BO3MO2KHOCTb BbI-/6 
YHCIMTb MOXBHXKHOCTbh HOCHTeIeH 
TOKa MO MOMepeyHOMy TaJIbBaHOMarHHTHOMy apdexTy wu,. Kak mo0ka-} 


3aHO B paOoTe (7), BbINHCJICHHOe TaKHM OOpa30M 3Ha4eHHe MOMBYHXKHOCTH 


IPH KOMHATHOM TeMMepatype OKasal0Ccb IipHmMepHoO Ha 15—20% Menbile, 4eM} 


3HaYeHHA, MOJTYYeHHbIe APyrMMu aBTopamn. B mpe- 
eslaX 9TOFO pacCXO*KeCHHA HAM yaJlOCb NOCTPOUTb 
TeMIepaTyPHY!IO 3aBHCMMOCTb MOBM2KHOCTH, TIpel- 
cTaBJleHHy!0 Ha puc. 4. Ilockombky TeopeTuyecKkaa 
BeJIM4HHA TaJIbBAHOMArHUTHOTO 9ppeKTa Mpomop- 
IMOHAJIbHa KBafpaTy MOJBHXKHOCTH HOCHTeeH TOKA 
M IIpH TeMMepatTypax BbILIe KOMHATHOK B NpOBO.H- 
MOCTH yUACTBYIOT ALIPKH C KOHIeHTpaluel, cpaB- 
HHMOH C KOHIEHTPallHeH SJIEKTPOHOB, B STON OOsa- 
CTH MbI HMe€eM JesI0 C HEKOTOPOH pesybTUpyroulet 
NOJBUXKHOCTbIO. TeM He MeHee B 93TOH OOmacTH 
TOJBHXKHOCTb TO TaJbBaHOMarHHTHOMy SGPeKTY cumoctd nosBuxHOCTH 


O1HM3KOH K TeOpeTHYeCKOH (MYHKTHPHAaA JIMHUA Ha 


puc. 4), T. e. uy ~ T7)4°.C monwxKeHHeM TemMepaTypbl XOX KPHBOM u3MeHaeT- | 
CA B HallpaBJIeHHH YMeHbIIeHMA U;. STO, BOSMOXKHO, CBAZAHO C pacceAHHeM Ha | 


MOHH3UPOBaHHbIxX TIPHMeCCAX, XOTH B paccMaTpuBaemoli oOsacTu TeMIlepatTyp 
Ipeo6lalarouluM ABJIACTCA PaCCeCAHHE Ha TeIJIOBbIX KOeOaHHax pelmerkKu. 


@u3suko-TeXHHyeCKHH MHCTHTYT Iloc 
Axkajylemauw Hayk TypkmCCP 25 1 1960 
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MHH A, : Aa E e a- yi i 

een (l95s) ergola, D. Sette, Nuovo Cim., 
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JIBYXKHOCTb 3JIeEKTPOHOB B repMa-fi 
HMM MO raJibBaHOMarHHTHOMy 90} 


Ha puc. 3 mpeqcTaBeHb! KpH-if) 
Brie 6 = AR/RyH?= f(T>*) Aaa 
IpoOmObHOrO MU MoMepeaHoro LaJib- je 
BaHOMarHHTHEIX sPpekTOB- TIC} 
PIaBHBIM KpPUCTaIIOrpapuyeckuMi|yi 
OCAM KpucTasa repMaHua. Kak) 


CTBHH Cc dopmysion (6), B OOonX) 


‘ 
i 
a 


xome KpuBblx b=f (T~*) (oco6eHHofE 


Puc. 4. TemnepatypHaa sasn- | 


“oO 
H3MeHHeTCA C TemlepaTypoH MO 3aBHCHMOCTH, TaJbBaHoMarHuTHOMy addexty | 


(| 


Aoxnzane Aragemun nayx CCCP 
1960. Tom 132, Ne 3 


PH3HK A 


M. B. BYAKOB 


OBOBLIEHHE METOXA TOPbKOBA 
HA CJIY4AH 3JIEKTPOHHO-®OHOHHOLO B3AMMOJEHCTBUMA 


(ITpedcmaeneno axademuxom A. ®. Hodge 23 I 1960) 


Teopua cBepxmpoBofumMocTH MeToqom dyxHkuni Tpuna srepsbie Opluia 
moctpoena T‘oppKoBbIM Ha OCHOBe MOJeJbHOrO YeTHIPeXepMMOHHOrO B3aHMO- 
} HelicrBusA (‘). B Hacrosume pa6ore TeopHaA cBepxMpoBosuMocTH crpouTcs 
| TeM 2K MeTOMOM Ha OCHOBE peaJIbHoro B3AHMOJCHCTBUA 3JIEKTPOHOB C o- 
| HOHaMM (6e3 yyueTa KyJIOHOBCKoro B38aMMoseHcTBuA). Hcnomb3ya pesyJbTarTbl 
| paOoTn! (7), He TeuaeM MpemnoOKeHNA O MANOCTH KOHCTAaHTb! cBA38H. Pac- 
f CMoTpeH clyyal T = 0 

YpaBHeHHA JBHXKeHHA IIA TeliseHO6eproBcKHx ONepaTOpOB 92IeEKTPOHHOTO: 
> 


i 


‘moa >, >” HW NOJA MpOAObHbIX (POHOHOB @ HMEIOT BHI 


oO Z 5% 
(is ¥_) $(x) = — gh (x) div (x), 
(Sa — Vv?) o() = —gerad [$* (x) 6 (0). 

|O6osHaueHua: g—kOUCTaHTa cCBA3H; h=s=1; $S—CKOPOCTb 3Byka), 
if {x, 7}. 

|  PemleHve BTOporo ypaBHeHHA MO2KHO 3allucaTb B Buse (*) 


9 (2) = Go (2) 8 | dtx’Dh (x — x’) grad [p* (x') b(x))} (2) 


|| D? — upnunmanaa dbynKuua [puna cpo6osHErx dououos. B kauecTBe vacTHOrO: 
| UF p Mi PP 

|| pewieHua BbIOpaHa nowycyMMa 3alla3biBaloulero WM oMepexalollero pelleHul. 
V3 (1), (2) HeTpyaHo NosyuuTb ypaBHeHuA Jia PyHKUMH 


G(x—x') = —iCTH(@) 4H (x')>, 
F (x —x') = exp {2iut} <N | Td (x) d(x") N +2); 
FY (x — x’) = exp (— 2ipt} <N + 2] Tht (x) dt (x’) | ND 


(<N |— ocHopHoe cocTrosHve cucTembl c N aueKTponaMu; py. — XMMuueCKHi 
| ToTeHUMaJ] 9JeKTPOHOB), pasOHBaA cCpefqHHe MO OCHOBHOMY COCTOAHKIO OT 
| T-npomspefeHua ueTpIpex -onepaTopoB Tak, Kak 9TO CyeaHo B (*). B pesyuib- 
Tate MOJyYHM CHCTeMy ypaBHeHHh: 


a0. oN os F 
(ig + ym)OH—*)= 
ye er 2 | d‘x"D (ee IG (4 x) G (0k J 
Be (eae SF (a exp tin. (F— 1”) 31, (3) 
(— i2 7 ae ae 2.) Ft (x—x') = ig?\ déx"D Ga IE (kG x) a 


BG (aw, PA (as) expe — Da (F— tN 
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Tipu pprpoge (3) Mbl 3amMenustu cBoOogHy!o (pynkuuio puna (poHona Hay 


TOUHYIO H OMYCTHJIM YWJICHbI, MPOHCXOZAMIMe OT STOM 3aMeHBI H OT $p. Huet 
OyjeT NoKa3aHO, YTO TaKOe MpeHeOperKeHve AA HECBEPXNPOBOMALMero META JIMAy 
COOTBeTCTBYeT 3aMeHe B ypaBHeHuH Jlalicona Aid G BepUIMHHOM 4YacTH Ha} 
CIMHHILY, YTO O3Ha¥aeT pasyIO*HKeHHe ee B PAN NO CTeNeHAM S/ Up. Kpome} 
TOTO, Mb!l O6o3HauuIM y2Dr = D. Moxxo Moka3aTb, YTO B WaHHOH MOJICJIM: 
cpepxmpoBoquuka F = F*, w mMOo3TOMY MbI He BbIMMCbIBaeM YPaBHeHHA JIA Fay 
3aBHCHMOCTb OT CNMHOPHbIX 3HaYKOB MOXHO BblOpaTb B Bue 


a 


Gan = Ginn Pla= FY Teg Ta al ee 


— 


Ucnomp3ya (4) u mepexoga B (3) K (ypbe-npeycTaBsieHHwo, NoJlyuaem 
[o —& —Z(k, 0)] G (k, ©) = 1 — if (k, @) - F*(k, ©); 
[o + & + 2 (k, —o)] Ft (k, ©) = — if (k, ©) - G (k, ©). 
OG6o3HaueHHa: 
oro—pu; & =k /2m—p L=DdDE, f= DF*; 
De = g2 (Qn) \ dk’dw’ D (k —k’; o — 0’) 9 (k', o); 


D(k, ©) — bypbe-KomnoHenta (pyHKuuH D(x); OHa MOXKET ObITh B3ATA U3 (?). 5 
V3 (5) noswyuaem 


w+ &,+2(k, —©) 


5 ; k, ° 
G (k, 0) = 5 FY(ko) = ips; 
II (&, @) = [o — & — X(Rk, w)] [@ + &% + 4(Rk, —o)] —f? (R, @). (6): 


Ec p (6) mepelitu kK HecBepxmpoBogzauiemy meTamny (F* =0), TO MbI} 
TlomyuuM ypaBHeHuve Jlaficona yuan Gc P=1. Tax kak HET OCHOBaHHi} 
CUHTAaTb, YTO B3AHMOJeEHCTBHE BICKTPO-* 
HOB C (POHOHAMH B HeCBepXMpOBOJAMLeM 
MeTaJJI€ CYMI€CTBeHHO OTAMYNaeTCA OT: 
TaKOBOrO B CBEPXIIPOBOJHHKe, MOXKHOI 
HaleATbCa, 4YTO cucTema (6), ONHCbIBa- 
jolla CBeEPXIpOBOAHHK, HamvcaHa Cc} 

Pant TOUHOCThIO YO WIeHOB NopsAKa s/ Up. | 

Ec B (5) 3ameHutb D Ha equnnily, 

To (5) nepeliqeT B cucTemy ypaBHeHuis, nonyyenny10 PoppKopsin, T. e. ypaBHe- 
Hus VopbkoBa Moulyyaorcs us (5) npn npeseOpexennn cpenuHeli 9Hepruel | 
SJEKTPOHHBIX MepexOOB MO CpaBHeHHIO CO cpefsHeH 3Hepruveli (OHOHOB, YTO} 
ABMACTCH OOBIYHBIM YCJIOBHEM, Mp KOTOPpOM H3 TaMuJbTOHHaHa Mpenuxal 
mlovlyuaeTCA YeTbIPex(epMHOHHbIN TaMuJIbTOHHAaH. | 


Hs (6) novyuaem, gelictsya oneparopom D, cucremy ypaBHeHui ia f wu Us} 


f=-ibf, 2=ibe: (7) | 

Ji pemenus (7) HeoOxofuMO 3HaTb cBOLicTBa aHasHTHUeCKUXx mIpo- 
hou«Kenuh & u f B oOacTb KoMMIeKcHBIX . He mpeqcraBaneT tTpyna Ha- 
MUuCaTb CHeKTpaJIbHble pasyioweHua Tuna Uenena—Jlemana gaa G, F, Ft, 
OTKyfa BbITeKAaIoT CuleyIOWMe CBOHCTBA: CHeKTPasIbHble pa3vi0O%KeHUA onpee- 
Js10T (pYHKUHH KOMMVIeKCHOrO MepemeHHoro w, G, F, Ft, anamutuueckue Ha 


BCeli TIIOCKOCTH, 3a MCKJIOUeHHeM KOHTypa L (puc. 1). SHayenua G Ha Ge- 


~ 


perax L kommsekcHo conpaxenbi. SHauenun F u Ft na Geperax L o6nanarior 
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JeAYIOULHM CBOHCTBOM: F’ (w + i0) = Ft (o —i0), Ho Tak kak F=F*, to 
3HaueHHaA F* TakxKe KOMIWIEKCHO CoNpsxeHbI Ha Geperax L. Orciofa BbiTe- 
KaeT, UTO MOXHO BBeECTH (PyHKUMM KOMIMIeKCHOro NepemeHHoro o, » u f , 
cOBNayaioulve Ha BelleCTBeEHHOM ocu c U u f, aHamuTMYecKHe Ha BCeH MIO- 
CKOCTH, 3a MCKJIOUCHHeM KOHTypa L, mpHyuem Ha Oeperax L 3Hayenua KaxK OH 
3 9THX (PYHKWMH KOMIMJIeCKCHO CONpA2xKeHBI. 

B nepBom ypaBHenuu (7) mepeliqem K HATerpHpoBaHuto 10 g=|k—k’|, 
& =k’? /2m—w. wu pas0Obem o6slacTh MHTerpupoBanua mo & wna Be: 
l) —a<& <a, 2)|%| >a, raea<a<p (wy — cpequHaa uactora (bouona). 
B uuterpasie mo oOsacrH 2) B MO{bIHTerpabHOM BbIPay%KeHHH MOKHO Mipe- 
HeOpeub 7, 4,’ mo cpaBHenuio c &’, nosTOMy MHTerpad mo OOmacrH 2) mper- 
cTaBJIneT coOoH nocTosHHy10 mpH kR~kp. Janee, BBo,A PyHKIHIO 


» fi a? Ek+q , 
o(w) = X(k, o) + eI qdq ( dw’ D (q, 0’) \ pe, 
0 Te Er—q 


rye P o3HauaeT rvlaBHOe 3HaueHHe HHTerpadia, H BKOUaH B MOPbIHTerpasb- 
| HOM Bbipaxkenun (7) yKa3aHHYyiO BbIIMe NMOCTOAHHYIO B uw, MOJYEHM cJelylo- 
mee ypaBHeHue Ja sc: 


1 ye nl Hl ae 0’ ( ‘) 

Se: q? dq r . er See) 

6 (w) = ize Wg To cere ere TT (k’, w) ’ 
; 0 —oo SES) 

(8) 


Tile MbI NOACTaBYJIM ABHOe BbipawkeHve fia D(k,w) uv, B CHy ObiICTpoH 
CXOMMMOCTH VHTerpata no &, 3aMeHHJIM Npesesbl HHTerpupoBaHna + Ha 
+00; p= g?m/2n°*kp; ITE, @) = [© —o(w))? —? — f?(o) = — [PF —# (o)]; 
o(w) = —o(—w); qi = min {9q,,, 2k}; 9,,— eOaeBcKHH UMMIMyVJIbC. 

Vurerpan mo & Bpluvcasetca siementapHo. Unrerpaa 0 w’ npeoOpasyem 
CJIELYIOWMUM O6pa3s0M: MepeiqeM K aHaJMTHYeCKHM PYHKIWAM cH x; Torga 
B IIJIOCKOCTH KOMIIJIEKCHOTO MTepeMeHHOTO ®’ MOXKHO ePopMHpoBaTb MNYyTb 
wnTerpuposanua BL, B neppom wWiene D-pyHkuuu u B Ly BO BTOPOM WieHe. 
-SatTem 3aMeHol w’ —>—w’ nepepegem L,—>L, u, yUHTbIBaA, YTO o HM x KOM- 
MIeKCHO compsxxeHbI Ha Ceperax L; u Imx>0 npu m>0, nomyuNM OKOH- 
YaTeJIbHO 


1 gs 
P gq? dq , wo’ —o (0’) 4 
ie = pa wae, 0. RE leretoree | recat romet 
0 A 
4 
area 3 


BoinowHAA avaslorHuHylo mpollesypy, NowyunM yaa f (w) 


ON ©o poe 
Pe) — ) aA oR oy || erat, rf ere ea I 
) A 
(10) 


A, (burypupyiomjaa B 9sTuX opmyJax, (OpMaJIbHO olpefeleHa Kak 
HavMeHbIuad SHeprua 9JIeMeHTapHoro Bo3s6yxyeHuA. Halinem ee cBasb Cc 
MCKOMbIMM (pYHKUMAMH. CmreKTp 9JIeMeHTapHbIX BO3sOyxKJeHMH Ollperemmerca 
KopHaAma ypaBHesua II(E,o)=0. Togcrapiat wo=se+iy, f=fi+ if, 
¢=6,+ioy H CUNTAaH © > Y, HaxoJuM mpH <<, 


SS > E fi (9) 
R21 A®- ==; A= —=>_, 1] 
e=tVt PI ic. (0) a0) cay 
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Yureno, uto f,(0) = 9,(0) = 0. Jina 3aTyxanua y MpH s06bIx § uMeeM 


_ [e — 91 (e)] 62 (8) + fa (2) fe (8) . ¢) = — 7 (—8). 12 
[f—o@lle—ae) bere "a 


Beuecrpenhaa uactb (10) npu o =0 onpegenner A. V3 (9), (10) momwxHo 
NOMYYAT CJIeLYIOMMe CBeLeHHH OTHOCHTeIbHO fy H 92: fe(@) =o2(o) =O 


mpuy |o|<A, T. e. 3aTyxaHHe y mpH §=Q0 oOpallaetca B HYJb; MPH 
> 1 qua fy W og MMeeM BbIPaxKeHHA 
fo(m) Pi (O) Laie i 
f(D); cosse wee a At a gta 
ees Sm / g’kpm i. 
87k p f a ce . 


IIpu A =O (9) mepexoguT B CooTBeTCTBYyIOWy!Io dopmyJy Jin HecBepx-! 
IpOBOAAMerO MeTasla MpH W/W) S>@,/p (*). 

B 3aksioueHwe BbIparkaio GularofapHoctb JI. 9. Typesuyy 3a MHorouNc-: 
JieHHbIe OOCyYXJeHHA H COBETHI. 


@Ov3uko-TeXHUYeCKH MHCTHTYT Tocrynusto 
AkaylemHH HayK CCCP 17 XII 1959 


UMTHMPOBAHHAH JIMTEPATYPA 


1 JI. 0. TPoppKos, )KOTO, 34, 735 (1958). 2 A.B. Murgaa, KOTO, 34, 1438 
(1958). @C.N. Yang, D. Feldman, “Phys Revs, 79) NeeOm07 ioa0), 
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lor) 
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Tornane Akagemun nayx CCCP 
1960. Tom 132, N 3 


PHSHKA 


M. B. BOJIBKEHWITEHH uv Aa. M. EJIBAWEBAY 


MOMEJIBHAA TEPMOAHHAMUYECKAS TEOPHA 
NOJIMKOHAEHCAUWHMH AE3OKCHPHBOHYK JIEHHOBOM KACJIOTHI 


(ITpedcmaeaeno akademuxom H. B. OOpeumoeoim 27 I 1960) 


B mpespiqyuux coodujenuax (*,?) Obluia Npeqiowena TeOpuA pelyMIMKalnoH- 
HOrO CHHTe3a esoKCHpHOoHyKeHHOBOH KucJOTHI (JIHK), ocHopaHHaa Ha Tiper- 
| CTaBJICHHH O KOOMepaTHBHOM Mpomecce MOJIMMepH3alMH HYKeOTHIOB. Ora 
| TeOpHA MOSBONIMa BbIACHHTb TepMOAHHAMUYeCKy!IO Npuposy pekyniukaun, 
WCXOAA H3 MpOcToH MogeiH. OWHAaKO, Kak 93TO ObIIO NOKa3aHO B ONbITax Kopu- 
Gepra (°), cuHtes JIHK nporekaer He Kak NOMMepusallMOHHbIH, HO Kak MOJu- 
KOHJe€HCaWMOHHBIN Mpomecc. B wenu oObequHAtoTcA TpudocaTE! HYKJIeCOTHOB 
{HT®), npuuem B pacTBop MocTyMaeT SKBUMOJIeKYJAPHOe KOJIMYeCTBO HEOpra- 
| HuYeCKOrO Audocdhata (mupodocdat, PD). [lpx paccmotpenuu Takow nowuH- 
| KOHJ€HCAaLHH MbI MOXKEM BOCIIOJIb3OBaTbCA TEM KE MATCMATHYCCKHM MeETOJOM, 
ato u pauee (?,”). Kak Obluio NOKa3aHO, peLyNIMKalNA OCYMLECTBIAeTCA MOLO6HO 
as0Bomy Nepexoxy Mepporo poga. OITo MomoweHne COXpaHAeTCA HM B TEOPUH 
NOJIMKOHJCHCalHu, HO TOUKA Mepexosa OKASbIBaeTCA 3aBUCAILeH He OT aOcouOT- 
HOH KOHIUeCHTpalluu HYKJICOTHOB, a OT COOTHOWICHHA M@XKY KOHILCHTPaluaAMu 
HT® u O®@. 

Pacuer jlaeT cyleqyroulee 3HAYCHHE Pa3HOCTH CBOOOJHBIX 9HEPrHH BYX ABOH- 
HbIX CUpae H MepBOHAayaJIbHOH CEMHMYHOK ABOMHOK cnupasmu JLHK B pacrBope 


AF x — N(2e; +) —2NAT n (& Za), (1) 


rye NV — uucao HykKs1eoTuoB B OHOK wenu JIHK; M — uncno HT® B pacrsope, 
OKpyxKa1oleM JBOHHY!O Ciupab; q, g’, g” — CTaTHCTHYeCKHe CYMMBI, COOTBEeT- 
CTBeEHHO, HyKsleoTHZa B uenmu JLHK, ogHoi mouwekyb1 HT® B pactBope u ofHOH 
mMoslekysIbI ®D B pacTBope; &; — DHEPIHA, BbI-eIAeMaA IPH NOJHKOHeHCAaLMU 
oyuoro HTO; ¢,—cpeqHAd SHEPrHA BOJOPOMHHIX CBA8CH MEKTY WBYMA HyKJICO- 
Tugamu B JIHK. 3Havuenne BesIMUMHbI A 3aBUCHT OT XapakTepa pactTBopa. Ecau 
B MCXONMHOM pacTBope ®® ue cojepxasocb, TO 


é 


aN 


WU eCJIM HayasibHoe uucs0 MomeKy PM B pacrBope LN, To 


ie 1 
) oralen 
YcnoBue pesyniMkalHu 
Aig 1). (2) 
Tlepexog onpenensetca npn LS>N- coorxomenvem 
2e1 a Eo 4L q’ 
ar IN ae Gar) (9) 


IIpumem ¢,24 kkaJl/MONb, &2=7 Kkaa/Moib. IpyOad. olleHKa jaeT 
qq’ /q’ == 10? u, cnegopatenbuo, ecnu. L/M > 7-10, TO peaynanKauaa mpe- 
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Kpamaerca. KopxOepr JOBOAus MaKCHMa/IbHOe OTHOLIeHHe KOJIMYECTB PD 
HT® go 10%. IIpu stom pezynunxauua JLHK eme ua, HO C yMeHbIIeHHO 
cKopoctbio (°). | 

IIpu nocnefospatetbHoH pezyniukauaMu JLHK B_ pactBope yBeJIMYMBaeTCsh 
coyepxanue @® yu ymenbluaercs coyepwanve HT®, Takum o6pasom ocy i 
INeCTBIAeTCA CBOeTO poOfa KOOpaTHad CBASb» — Mpolecc B KOHIe KOHUOB TIpe-# 
Kpamaetcs. JlonycruM, YTO Ha HEKOTOPOMi CTaqHM MpoOlecca HMEJOCb S$ ABOU-y 
HbBIx cuupaseli HK, M monexyn HT® wu L monexys PD. Maxcumaspyoelh 
UMCIO MOMYYAIOMMXCHA JBOMHbIX cmupaseH s-{-¢ HaxXOMWTCA M3 YCJOBHA MU-f 
HuMyMa cBoGoqHOH sHepruv. Ilonyuaem 


Se: 22, + 2 qq" : 
2N [exp (— Er) + aa" | 
IIpH Tex 2%e 3HaYeHHAX MOCTOAHHBIX 


M—15-10-4L 


eZ ON 


Buixog JLHK, xapaktrepusyempili BenuunHol ¢, MOKeH 3aBHCeTb OT OT-) 
HOCHTeJIbHOTO CosepKaHua Nap ryaHHH —uuTo3sHH (I+) u agenuy — Tu- 
muH (A+), Tak kak [+1] o6pasyior tpn, a A+ T— ype Bo,opoaHElx 

2) * } 
cpa3H. Ecum ©) — sHeprua BONOpOnHbIX cpaseH A+ T, a ¢, + Ac — sHepruall 
BoWOpomHEIx cBpa3eH [+L], to 


= 6, + xy, (5) 
rye 


x 


Snes ary 
ay Va an BG Pa fs (6)} 


Tlogctapaan (5) B (4), tomyuaem 


os 2e, + e, GE, | Ass] 
2Nt = M—exp (met qn EP ae “ore (7)) 
YJ 
[THK] = [HT®] — ae-*+, 
Besmunubl 
pa A 1,7, x [DO]2-107. 


Ycuosne Jenatypayun JLHK umeer Tor xe BHA, TO H B MOMMMEPH3alLHOHHOH ) 
momen (?). 

PacCMOTPHM BepOATHOCTh HEMPaBHJIbHOrO NPHCOeAMHEHUA HYKJeEOTHIAa K Ie | 
mu JLHK 8 npeqnouoxeHHH, YTO Takoe HeMpaBHIbHOe MpHcoesMHeHHe He T10- 
SBOJIA€T HYKJICOTHAY COCEMMHATECA C COCEHUMH HYKJCOTHAaMH JaHHoH wenn. Jlei- | 
CTBUTCJIbHO, B TAKOM CJly¥ae HapYIUHTCA peryJIAPpHOCTb ABOHHOK ciupamu u cTe-} 
puyeckue (akTOph! Oy YT MpeNATCTBOBATb NOJHKOHJCHCALMM HEMpaBHJIbHO MpH- | 
CoeqMHEHHOTO HyKsleoTufa. Ecam NouiMKOH,eHCalMH HeT, TO MpourppiBaerca 
9HepruA TByX XHMHYCCKHX CBASeH 2&, H YMCHbUaeTCA JHTPOMHA CHCTeMbI, Tak 
Kak B PaCTBOP HE BbIJeIAIOTCA ABE MOeKyJIbI DD, BepoaTHOCThb HelIpaBHJIbHOTO 
IIPHCOCHHHEHHA B Ja@HHOM MeCTe elu XapakTepu3yeTca BeMUMHOL 


: AE —TAS 
w= exp (— Beaker, eee : 


rye AE = 2; AS = — klnl Q(n/L)?]; Q = q’*/3 — cratuctuyeckuli baxrop, 
CBA3aHHbIM C yMeHbIWeHHeM uuca OD B pacrsope na yBa; (n/L)? xapaxtepusyer 
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COOTBETCTBYtOlllee HSMCHEHHE SHTPOMMH CMeLIeCHHA (1 — UHCIO MOJIEKY JI pacTBO- 
puteia). Beuny Toro, uro n/L~10° B onpirax KopuGepra, w, BO BCAKOM CJIyyae, 
Menbile 10-1, OqHoBpemeHHO g’S+1. BepoaTuocTb w ucyesaroule Masa. Culeqo- 
BaTeJIbHO, TOUHOCTH ClelHpuYeCKOrO peyMIUKalMOHHOrO CHHTe3a OUCH BEUIH- 
Ka, MHbIMM CJIOBAMH, MaJla BEPOATHOCTb CMOHTAHHbIX MYTAIluH, MOJesIMpyeMbix 
yKa3aHHbIM CMOco6oM. OyHaxk Ab! OCYyILeCTBUBIUIMCh, MYTAlHH PeLyNIAWUpyiorcs. 


VWncruTyT BbICOKOMOJIeKYAAPHEIX COeIHHCHHH Tlocrynuio0 
AxkajemMuH Hayk CCCP 25 I 1960 


LIHMTHPOBAHHAA JIMTEPATYPA 


1M.B.BounpbKeumtTeiin, JAH, 130, 4 (1960). 2M.B.BompkKeuwrTeifin, 
An.M.Enbamesuu, JAH, 131, Ne3 (1960). 3M.J.Bessman, J.R.Lehman, 
= ©. Simms, A. Kornberg, J. Biol. Chem., 233, Ne 1, 171 (1958). 
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Jloxnayn Akagemunu nayrk CCCP 
1960. Tom 132, Ne 3 


E. E. TAPEEBA 


K BOMPOCY O BbINHCJIEHHM CBOBOAHOH SHEPrHH 
JIA FTA3A MAJION MJIOTHOCTH 


(ITpedcmaeneno axademuxom H. H. Boeoaboeoim 22 I 1960) 


B pa6ore H. H. Boromo6osa u C. B. Ta6nukorza (*) Obl Npeqioxwen NpHOAM IE 
>KCHHbIM MeTO] PellleHuA 3aay CTaTHCTHYeCKOH (PU3HKH, OCHOBAHHbIM Ha MCHOMb {El 
30BaHHM JBYXBPeCMeHHbIX 3alla3MbIBaIOWIMX HM OMepeKaloulux dyHKkunH [puna 
3aBUCALLAX OT TeMMepaTypbl, H UX CMCKTPaJIbHbIX MpescTapsenui Tuna Jlema: 
Ha — Uessena (?,*), CiekTpasbuble MpesqcTaBJieHua TaKOrO THMa HCMOJIb30Ba! 
JIMCb paHee (47°), | 

B nactosue pa6ote meTox, npeqiomwennp H. H. Boromo6ospim u C. Bo 
TAOJIMKOBbIM, IIPHMeHAeTCA JIA HCCICOBaHHA CBOHCTB (epMH-CHCTeMbI C B3aH- fe 
MOJe€HCTBHeEM B TIpHOJMKeHHH MaJIOH MuoTHOCTH. HaxoyquTca BTopad Koppeua-[e 
WHOHHAA PYHKILAA CHCTEMBI UM C €€ MOMOILbIO ONpeseaeTcA CBOOOMHAA SHEPrHsil 
WM pactipeyesenue wacTHIL NO HMIMyJIbcaM. 

[amMuJIbTOHHaH paCCMaTPHBaeMOH CHCTeMbI B MpesCTaBJIeCHHH BTOPHUHOrCy 
KBaHTOBaHHA MMeeT BUI 


H=\T (fata + > 
f 


| 1 ff) ot qt ; 1 | 
pa Oats Tah), 9 969 ge « (4) 
fief Fo iy 
3Siecb 

> 8 a ts 


ey 4 540", 5,0, 515"9 620", F poe! (P1 =p.) ++ v(p pa | 
alte : 5 (Pi + P2—P.—P’) oe 


T (f) = p?/2m — x, rae} — xumuueckuli NOTeHIMaJI CHCTeMBI; p H o — HMM JIbCBIe 
M CIMHbI YaCTHIL COOTBETCTBEHHO. OnepatTopbl a; M a, MORYHHAIOTCA mepe-| 
CTaHOBOUHBIM COOTHOMeHHAM Depmu. 

Cnefya paOoram (?,°), Mbl GyqeM paccMaTpuBaTb eMHYIO aHaJMTuYeCKyIOy 
(byHkKunt0 Gj,j,¢,¢,(E) KoMMseKcHoro TMepemesHoro E, sBsstowyroca cbyppe- 
oOpasom yByxyacruuHOoH dbyHkuuu TPpuna | 

Ghjeeies (Et) = Cay, (t) ay, (t) a% (tat (t= 
= O(t—t')< (ap, (t)ap,(£), at (tae (t))y — 


— 6(¢’—t) <[ap, (t) ap, (t), af, (t’) at (#1. (3 


Saech <A> = Q4Sp(Ae#*),; Q=Spe 4; 6=RkT; a;(t) —onepatopm mam 
mpenctapieHuu Telsen6epra; [A,B] = AB—BA; O(t)=0 ana t<0,J 
0) =) isa ae 

Hutepecytouat Hac BTOpad KOPpeALMOHHAA (pyHKUMA cuCTeMbI Fog,o,,;, = | 


= (ay, OF, a;,> CcBxA3aHa C Gyj,F,¢.¢,(E) COOTHOLIeHHeM 
+90 ; : 
‘ G (w + is) —G . (w — is) 
as Fife S2 fifeSi8o 
F og. goh sha - \ dw 0/9 =) r (3) 
—oOo | 
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VicnoubsyA ypaBHeHud JBYKeHHA JIA ONepaTOpoB a; B (popMe 
: da; (t) >, Pivicticr Namen 
ih ot =[a;,H|)=T (f)a; + UCP IR A) ae, 

lata 
MOMYYMM ypaBHeuve JBYOKeHHA JA SyHKUAU Gy,p,0.¢, (¢ — t’) 
sed) ; , 

ih op <<: (t) ap, (t) ai, (Z ) ay (f)>= 
= thd (t ine t") (1 ~~ (ae ay, > a <a; af, >) (55,0, 5fog2— SFige fees ) ae 
+ (T(fh)+T (fa)} <<ay, (t) a7, (tak (tat (t')>>+ (4) 
+ DUP IRA Kat (tay (ay (ap (t)at (t')az (U’)>>- 

Rae : : 


"a we 
2 Ay 


Mobi OyqeM paccMaTpHBaTb 3aqayy B MpHOmMKeHHM HU3KO! MOTHOCTH 
N/V <1. Oro 3HauuT, YTO Man rpaHu4HbI ummyabe Depmu, T. e. cyulect- 
BYeT JIMIUb He3HAYMTEJIbHOe 4HCIO COCTOAHHH f, [Id KOTOPbIX CpeqHHe uNCJAa 


om aL 
“sanovIHeHuA =6ny = (a; Q;> ONM3KH K eMHULE. 
B 9ToM mpHOJM2xKeHHM ypaBHeHve (4) npHHumaeT BUA 


spe CG) , / 
(ih 5 — Hin) << ay, (t) a, (ta (at, (>> = 
= ihd (t ren t’) (Si,.¢, Of gs iia Ofgs OF ge ); (5) 
Tae H,,—onepatop TamusmbToua Wa 3aqauu Byx Ted: 
Ayo << ap, (t) aj, (t) ay (t’) a5 (t’) >> ={T (Pi) + T (fo) << aap, (Dap (t) i, (ay (E> > + 
| lenge : , LY 
+ Di Uthfel ff) <<a, Qa, Oat, (tat (7). 
| FF, : ; 
IIponspoqa dypbe-Mpeo6pa3soBanne, MosyuHM 
(E > ea 2) Gj, fog.gs (E)= = (Sf,., Ofegs = Shige Ofogs ys 


T. €. MOXKeM 3amvcaTb, KaK OObIUHO, 


Qn F), (fu fa) Fy (g1» 82) 
cape Giggs (E) Ss aaa tr anes ’ (6) 


v 


rye {Fy (fy, f2)}— nomHaa cucTeMa cOOcTBeHHBIX (pyHKIMY raMusbTOHHaHa Hj, 
a E,—ero coGcTBeHHble 3HaveHus, 


(Byte) 2 aah.) = 0: 7) 


®Mynukunn F,(f,,/,) HOpMHMpoBaHbl Tak, 4TO 


> Be (fis fe) Fy (21 22) a Sig, Ofegs a OF gs Ofogs * 


Ucnonp3ysa (3) u (6), 3anumem tenepb Foz,o,f,;, B BUDE 


Fy (fia, fe) Fy (g1»82) 
P og.eatife = » BY ia, : (8) 


VinrepecHo 3aMeTHTb, YTO MpHMeHeHHe CNeKTpaJIbHOTO NpeACTaBJeHuA MpH- 
BOJMT Hac cpa3y %e K BbIpaxKeHHIO, B KOTOPOM Mbl MO2K€M HHTepmlpeTHpo- 
BaTb OOpa3yioulMeca CBA3AHHbIe COCTOAHHA Kak 603€-MOJIeKYJIbI. 
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Haiizem nanee nonpapky AF kK cBOOOJHOH 9SHEprHH HEBOSMYINCHHOH CH-# 
CTeMbI pH MOMOMIA opMy JBI 


OAF _ 9) 
Fg = SPUF: (8); (9), 


rie F,(g)— BTopad KoppeiAWMOHHad (PyHKUMA CHCTeMbI C raMHJIbTOHH AHO 
T + gU. Mposoga B ypapHexuu (7) oTfeneHwe ABYWOKEHHA IWeHTpa WHePUMe 
u pa3sOuBan cymMy B (8) Ha CyMMbl NO JMCKpeTHOMy HM TO HellpepbIBHOMY® 
cneKTpy COOCTBEHHBIX 3HaveHHH TaMMJIbTOHMaHa OTHOCHTEJIbHOTO JBM KEHMS | 
Mapbl wacTHU, Sanviem 


OAF (ow UVF emni) ! > dE. (F ami? UF qgmi) 
oe ee x cE Qmnl/o_4 G  ZEQqmi/o_4  ” 


Qmnl Qml 


WIM, HCHONb3yA TOT (akT, uTO (¢ Udbmnt) = OEn /Og [AA MACKpeTHOre 


mnl ? 
1 9, (9) 
+ + ia a a 
H (Vim U hen dg ii HeIpepbIBHOrO ChleKTpa, 
dE 00, (9) 1 
OAF a Qmnl - 2 1 > \ dE, : m3 
og Og eh OE an ae SO ae —1 


Qmnl 


(CMH UaCTHIbl Mbi MOJIOKUIH paBHbIMH 1/5). 
Takum o0pa3oom, 


4nVO c 2 — P2/4amb—e Lo 
AF— ay D Cee i)\ P2dP In| 1 — e—P%/4m0—en/0-+22/0] 
n 0 
BELL Oa 1) 222 pea by (P) (10) 
oa 3 (2rh)3 ; : m : eP2/amo-p?/mb—2r/0 4 ( 


[lepppii aieH 9TOrO BbIPaxKeHHA MOAKHO HHTEPNpeTUpoOBaTb Kak cBOGOTIE 
HylO SHepruto WeasbHoro 603e-ra3a MoyeKyJ Cc MaccoH 2m; Bropol user 
MpeACTaBAeT SHEPry!O B3AMMOJeCHCTBYIOUIMX MHAMBHyabHbIx uacrun. Paclf 
CMOTpeHHe CJIeAyIOWlerO NpHOJM2KeHHA MpHBesiO Obl K yyeTyY B3aHMOseHCTBHSE 
Me*KAy aTOMaMH HW MOJIeKyJaMH M MOWJeKYyJI [pyr Cc Apyrom. 

Ilockouibky MoTeHimas BbIOpaH Hamu B Buze (1), aHTHCHMMeTpHuHOM MC) 
civHaM, CyMMHpoRaHue B (10) BemeTca mMmb nO yeTHDIM J. B camom o6mlenMt 
ciyuae Mbl Nosyyusu Ob1 AF B Bue CyMMbI m0 veTHDIM / c Becom }/, nH Hdy 
HeYeTHBIM C BeCOM 3/4. } 

SamucaB (bopmysty (9) B Buze 


OAF ae 
[SO u \ 1 See 
0g =a, SU A eee 
—co 
4 4 


“YT, £T», + gU—(o —is8) Ty, HT p, + gU — @tia) [? 


iy 
i 


MOXKHO NOJYINT H YHCsIAa samlomHeHNA n(p) = ny (p) +An(p), rue An(p) = 
= bAF [oT (p). poles (P) =} 


IIpoyenas mpeoOpa30paHia, MO,OOHbIe BbINOJHeHHbIM pH BblyHCeHUIl 
CBOOOJHOH SHEPrMH CHCTEMBI, MO2XKHO MOMYUNTb 


“ [ [Int Tat a 
dAn (Po) 1 xD 


ag = ne SP | U (8(P1 — Polit 5 (P2— Py) T, eT aae BO * 
(oo| ae tp te) 
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, CENOBATEJIbHO, 


n (Py) = Game \40 (2! as ] Ro (| Po ao ) 
nl ra 


2 4 . 


2 aan ae 
4mo' 0 0 

Qz Ge Dk 

22,(dexP| a5 Sa Al 

Q@  @ 2; 2 

(<x [zna tno 6 |!) 

CYMMHPOBaHHe 37eCb NO-MpexKHeMy BefeTCA JIMIb NO 4YeTHHIM /), 

PaccMOTpyM Tellepb Tipeqebubiit Cy yall HH3KUX TemMepatyp. B waiem mpu- 

JMKEHUM IPH HASKMX_ TeMMepatypax rlaBHY!0 POJIb HFpaloT CBAZAHHBIe COCTOS- 

MA (epBbIH WieH B BbIparkeHuu (10) mponopmuonanen N/V, Torya KaK Bropoti 

J€H STOO BbIPaKeHHA Nponopunonaen (N/V)?). OcraBaaa B CyMMe HO CBH- 


aHHbIM COCTOAHHAM TlaBHbIM wieH, CoOTBeTCTByIOMMH asHeprun A = (&q7)min, 
alluIleM MOSTOMY CBOOOJHY1O 9HEPrHiO CHCTeMBI B BUTE 


+5 ||+ 


exp| 


Ves 4 
Tans an \ A0\ 9 4a D2! og | Reif 


mmd ) 


(UA), 


=) 


F =)Np— 6 din | 1 + exp|— ue 
q 


2me 


+UNa +0 In| 1 —exp| eae || +t ANB; (12) 
: [— aie bod 


ies DSA NeeONG — NM aes 


Bpipaxkenne (12) noka3pipaeT, YTO IPH HU3KHX TeMMepaTypax Halla cucTema 
IpewcTaBsAeT CMeCb (bepMH-aTOMOB H JBYXaTOMHbIX Oo3e-movIeky. Bewuunna 
A wMeeT CMBICJI 9HEprHu CBA3H MOJIeKyJbI. bo3e-KOMMOHeHTAa OOaqaeT, ecTe- 
TBCHHO, BC€MH CBOMCTBaMH UueallbHoro 603e-ra3a. YcnoBpue 24 — A = 0 
Mpeqeiser Temiepatypy 6o3e-Konfencanun. Hecneqopanne ycoBui xumuye- 
KOTO PaBHOBeCHA B CHCTeMe C BO3MOXKHOH XMMMYeCKOH peakuMel 2F<>B mpx- 
OUT K BHIBOJy O TOM, YTO B paCCMaTPHBaeMOM MpHOJMKeHHM TPH OYeHb HU3- 
KUX TeMMepaTypax epMU-KOMMOHEHTA MOJIHOCTHIO HCUesaeT M3 CMecu. EcuM ObI 
He ObIJIO BHECeHO IpeqMouORKeHHe O 3aMEHE CYMMbI MO JHCKPETHbIM JHEPrusAM ee 
[aBHbIM WJICHOM, TO MOXKHO ObIJIO Obl TOBOPUTh O CyMLECTBOBaHHH B 3THX MOJIEKy- 
aX BHYTPe€HHHX YpOBHeH BO30yxKTeHUA. 

PaccmoTpuM Jlasee cryuali BbICOKUX TemMepatyp. Telepb XHMM4eCKHH MOTeH- 
(Mas \ TIPHHUMaeT OTPUILAaTeJbHbIe, SosbUIMe MO aOCOMOTHOM BeIMYMHE 3Haue- 
HHA, TAK 4TO 
ORION es 


Ucnonp3ya Aid ero KulaccHuecKoe BbIPaxKeHHe, NOY YHM MPH BbICOKUX TeM- 
Hepatypax u3 (10) 
co 


N29 /4rh?\*/2 —én1/8 : dd, (p) 
AF =— 78 (=) {elt Ye + ert fae rm 2} (18) 


0 
ITO JaeT JIA BTOPOTO BUPHAaIbHOrO KOSPPHUMeHTA BbIPaKeHnHe, COBMaaroulee 
> U3BeCTHBIM paHee (29,14). 
B 3akmouenne BbIparkato OularogapHoctb H. H. Boromo6osy, nox pykoBog- 
-TBOM KOTOPOFO BBINOJHeHa HaCTOMULad padora. 


- MockosckHit rocyapcTBeHHbId YHUBepcuTer Tlocrynuano 
um. M. B. Jlomonocosa 15 I 1960 
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Jlokxzagp Akagemuu nayKx CCCP 
1960. Tom 132, N 3 


TEXHHYECKAD ®H3HKM 


A. A. BEPTMAH u uaen-Koppecnonyent AH CCCP A. M. CAMAPHH 


BASKOCTb DKUAKOTO HMKEJIA WH EGO CIJIABOB C MEJIbIO 


CnlaBbl HHKeIA C M@MbIO XapakTepH3y!OTCA HeEOrpaHuyeHHOH pacTBOPHMOsE 
CTbIO B TBEPJOM cocTosHUM. PaOorbl, MOCBALLeHHbIC H3y4eHHMIO NOBeeHHA CIalh 
BOB, OOPa3y!OUHX HEMPePbIBHbIM PA, TBEPAbIX PaCTBOPOB B XKUKOM COCTOAHHH|E 
HeMHOrOUNCIeHHEI. OD. TakOysmaep (1), H3MeEPAA SJIEKTPOMPOBOAHOCTh CHCTeEMe 
Ag—Au, In —Pb, Bi — Sb, namen, uTo Buy H30TEPM 2JIEKTPOMpOBOAHOCTI 

*KUJKUX CIIaBOB He OTIMGACTCA OT BUN 


TaOnuna 1 COOTBETCTBYIONMX KPUBbIX JIA TBEP ABA 
. pacTBOpOB: C POCTOM TemlepaTypbI Xa 
Cor ca paKkTepHbIH [JIA TBEPALIX pacTBOPOB MU 
ey Tpa, | v0, |) crap, | T-Pa, | v-10,  SuMyM Ha KPHBOM criaxkuBaerca M 3a 
-/ °C croxc || Bec-% °¢ cTOKC i 
Cu Cu BUCHMOCTb JJIEKTPONMPOBONHOCTH OT CO 
cTaBa lipuOuxKaeTca K MIpAMOH. OTC 
CBA3aHO C TEM, 4YTO PacceAHHe 3JICKT 
QO | 4470-)°6,25 | 45,0°) 4360 1) 5260 POHHOHM BOJIHbI 3a CUET TEIJIOBbIX KOJIC 
1510 | 5,93 1445 | 5,42 O6OaHHi CTaHOBHTCA NpeoOsayaronulAM TC 
ins a et ee CpaBHeHHIO C pasHumeH B paccenBatw-f 
4700 | 4,90 1615 | 4,65 meu CMOCOOHOCTH KOMIMOHCHTOB. 
45,0 | 1490 | 5,85 || 60,0 | 4310 | 5,23 XoOuO u Eno (?) u3MepsiM MarHut 
1550 | 5,20 1365 | 5,05 HY!0 BOCIPHMMUMBOCTH CILIABOB BUCMY: { 
1580 | 5,04 1450 | 4,62 Ta CcCypbMoH mpu Temuepatypax 20 ¥ 
1690 | 5,04 1530 | 4,28 680° u noKa3aIv, YTO H3MeHeHHeE H30-} 
30,0 | 1440 | 5,50 || 80,0 | 1525 | 4,07  TePpMbl MarHHTHOM BOCIPHAMUHBOCTH Ff 
1480 | 5,67 1645 | 3,88 3aBHCHMOCTH OT KOHIeHTpalun Hed 
1560 | 5,30 |/100,0 | 1165 | 4,58  MpepbIBHBIX TBepAbIX pacTBOpOoB uMee 
1665 | 4,76 1295 | 3,96  NpaAMOJIMHeMHbIM XapakTep, a B KUIKOM 
a Hoe COCTOAHMM M30TepMa CJlerKa BOrHyTa| 
1550 | 3.96  AHAaJIOrMUHbI pesybTaT NomyyeH HaMy| 


JIA KULKUX Capos cuctempt Ni—Co(%) 4 
i{3mepeuuto BaskocTu cucrem Au — Ag, Cu — Au u Bi — Sb, o6pasyromux 
HeMPepbIBHbIM PA, TBEPIbIX pacTBOpoB, NocBauleHbl padorsi (*~°). Bo Bcex caly- 
yYaAX KPHBbIeC MMEIOT IJIaBHbIM XOX, IPHYeM MAKCUMAJIbHOe OTKJOHEHHE OT alu 
THBHOCTH, HallpHMep B Culy4¥ae XKUKUX CNWaBOB BHCMYyTa C CypbMOi, He Npe 
BbillaeT 6%. TakumM o6pa30M, MCXOMA M3 HMeHOULMXCA UCCeqOBaHUM, MOKHC 
NOaratTb, uTO CiMaBbl, XApaKTepM3yIOWNNeCA HEOrpaHH4eHHOM pPacTBOPpUMOCTHK 
B TBEPJOM COCTOAHHH, OOalaloT HEOrpaHHYeHHOM PpacTBOPHMOCTbIO VM B KULKOM 
COCTOAHHU, TEM H€ MeHEE HAKOMVJICHHe HOBbIX SKCIEPHMCHTAJIbHBIX JaHHbIX Mpey- 
CTAaBJIA€TCA Ke aTeIbHbIM, B OCOOCHHOCTH Ip BbICOKUX Temmepatypax. B cBa3H 
C 9THM Oblla HCCJI€lOBaHa 3aBHCHMOCTb KMHEMATHYeCKOH BA3KOCTH %KUIKU 
CllaBOB OT COCcTaBa HM TeMIepaTypbI B Cucreme Ni — Cu. Kpome Toro, usmepenu 
BASKOCTH KHAKOFO HUKEIA MMe€T CAMOCTOATEJIDHbIM MHTepec B CBA3H C pasBUTH- 
€M MPOMSBOACTBa 2KapOMPOUHbIX CNMABOB Ha HUKeJIeBOL OCHOBE. | 
HismepeHua MpoOuSBOMJIMCb B OMMCaHHOM paHee BbICOKOTeMMepaTypHOM 
BHCKO3HMeTpe B aTmochepe resinn (7). Temmepatypy u3MepsM miaTHHo- 
MaTHHOPOAMeBOK TEPMONapoN, pacMOO*KeHHOM HeMocpescTBeHHO NOX THTVIeM. 
CriaBbE MpHroTOBAAIM CnaBeHMeM B BaKYyMHOM meq mpu aBsenuy 


a2 


opaaKa 10°? mm pt. cr. MeroquKka u3mepenuit He OTMHUANACb OT UCTOb30BaH- 
lo B padote (8). 

PesyIbTaTbl USMepeHUA BASKOCTH NpekcTaBuenbi B TAG. 1, ana puc. | noKa- 
#aHO M3MeHeHHe u3Z0TepM BasKOCTH pu 1500 u 1600°. 

CuelyeT OTMeTHTh, UTO TeMMepaTypHaA 3aBMCUMOCThb BASKOCTH B UCCeLOBaH- 
ibs CllaBaxX H€3HaYMTeIbHa, YTO, TAK Ke Kak M B3aMMOReLCTBHE Cc THEM IpH 
PbICOKUX TEMIepaTy pax, HeCKOJIbKO CHUKAO TOUHOCTh pesybTATOB; TEM He MeHee 
#3 Puc. | BUIHO, YTO H30TeEPME! BASKOCTH / 

Melor «nlourd MpaMosmuelinpit xapax- 9600 
yep. CiaOaa TemlepaTypHad 3aBUCMMOCTb 
PASKOCTH B STHX CIWaBaXx OODACHACTCA 
FeM, TO Ha BSASKOCTb BJIMFET JMU YBeUH- 
menue cCBoOofqHOrO OObeMa pacTBOpa Cc 
/BeJIMYCHHeEM TeMMepaTypbl, TaK Kak HH- 
<aKUX CTPYKTYPHBIX H3MeCHeHHH Mp TOM 
He mpoucxoguT. ATOMbI MeqM HW HUKeIA 
PTATHCTHYCCKH PacipesesieHbl B pacTBO- 
be M OMMHAKOBO yuacTByIOT B MepeHoce uM- 
yjbCa JBYOKeHUA. 

M3 puc. 2, rae NoKa3aHa 3aBUCHMOCTb 
morapu@Ma KMHeMAaTHYeCKOM BASKOCTH 


MCTOKE 


yg «DS D~S«OO Be. %, Ha wunce yn eens ug 
4 10 


Cu ————= 


iPuc. 1. Usorepmet kuHemaTuyeckoli BasKoctu Puc. 2. 3aBHCHMOCTh KMHeMaTH4eCKOH BAS ~ 
|} KMIKUX CIvIaBOB CHCTeMbl HHKeb— Meflb. KOCTH OT TemMNepatypl. 1 —0 Bec. % Cu, 
47 — 1500°, 2—1600°, xpecrux — skcrpanonu- 2—15%, 3—30%, 4—45%, 5— 60%; 
| poBaHo 6 — 80%, 7 — 100 sec.% Cu 


lor OOpaTHoH TemMepatypbl, BULHO ,YTO 9KCIMEPMMeHTAJIbHbIC AHHbIe YOBJIETBO- 
| PUTCJIbHO ONMCHIBAIOTCA ypaBHeHHeM Bua 


¥ = kexp (a7) uma Igy = aa + B, (1), 


roe A, B, k — nocTrosuubie, E — 2HepruA AaKTMBAalMU BA3KOTO TeYeHHA. 
Haksion Muni Ha puc. 2 mpHMepHO OfMHAKOBbIi, YTO TOBOPUT O OM3KUX 
|SHAUCHMAX SHEPrHH AKTHBAMMM BASKOFO TEYCHHA BO BCEX HCCJCTOBAHHbIX Cila- 
|BaX WH, CJIEMOBaTeIbHO, HJCHTHUHOCTH POJIM ATOMOB HUKeJIA HW MAM B Nepenoce 
|MMMyJIbCa J[BYOKeHHA. 

|  Oco6o cieqyer OCTAHOBHTbCA Ha M3MePeHHAX BASKOCTH XKUAKOTO HUKCIA. 
|Hecmorps Ha WIMpokoe pa3BHTHe MeTAaJLIy PTH HUKEeIA, BASKOCTb HUKeJA H3ME- 
| PAM, HACKOJbKO HAM M3BECTHO, JIMUIb B paoote (°), B KOTOpOH Oblia oTMeyeHAa 
| aHOMasIbHan (O6paTHas) 3aBHCHMOCTb BA3KOCTH OT TeMIepaTy pb. 

Il. K. Benawenxo nonyuun (*): pu 1412°v = 11,17-10°% croxe; npu 1498° 
/8,99 mctoxe; mpu 1578° 9,16 mcroxe; npu 1635° 9,96 mctoxc. Msmepenua 
NpOHSBOAUIM B aTMOCiepe BOAOPORa pu OXMAKTeHUU.K Co*KaeHHIO,B paoote 
(°) orcyTcTByeT OObACHEHHE AHOMAJIBHOM 3ABMCHMOCTH BASKOCTH HUKEJA OT TEM- 
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MepaTypbl; MOXHO MOsaraTb, YTO ITO AHOMAJIbHOe USMCHCHHE CBA3aHO C pach: 
KHCJIMIOULMM jelicTBHeM BOMOpoma. YMeHbIeHHe COfepxwKaHHA KUCMOPONa, Pach’ 
TBOPCHHOFO B HUKeJe, BbISbIBACT YMCHbIIeHHe BASKOCTH, B o6paTHy10 CTOpOH 
qeiicrnyer Temmepatypa. Ilocequuit dakTop MpeBasMpyeT JMITb MPH Mepeoxy 
_gjlakgenuu. BeposTHo, KHCOpOy, pacTBOpeHHbIH B HUKEIC, OKASbIBAeT CYILeCIP 
BeHHOe BJIMAHHe Ha BEJIMYMHY BASKOCTH. 
_ jiaa mposepkKu 9TOrO MOMOXKeHHA MbI BbINNABMJIM TPH C€PMH MWaBOK: Hi 
Boslyxe, pu qaBienuu 10-* u 10-4 uu. Tlomyyenuple pesybTaTbl NpewcTaBlen 
HbI Ha puc. 3. Oka3a/l0Cb, YTO BASKOCTb HUKEIA, BbINIABJCHHOTO Ha BOSTYX{p 
HW cojep2Kautero 0,0048—0,0075 % KuCMOpOLa, 3HAYHTEJIbHO IpeBbIllaer Bask ip 
HUKeIA, BbIMIAaBeHHOrO Tpu AaBeHuu 10~* MM u Cofepxalllero 0,0025% Kuca "4 
poga. Coyepxkanve KUCIOpOa B HUKENe, BbIMaBJIEHHOM IPH AaBJleHHH Le MN} { 


MOTO 


0 1500 1600 1700 °C 


Puc. 3. Bauauve TeMlepatypbl H COLep*xahHA KUCJO- 
pola Ha KMHeMaTHUeCK YO BASKOCTS HUKeA. / — ns1aB- 
Ka Ha Bosqyxe, cosepxKaHue xKucnopona 0,0048 — 
0,0075: a—1-h o6pasey, 6 — 2-4 oOpasen; 2 — 
BbINMaBIeHO pH apmenun 10% MM, coyep2xaHHe 
Kucmopogza 0,0049% ; 3 — BbiInaBAeHO pH WaBseHuu 
10-4 MM, cogep»kanHue KucTOpoga 0,0027—0,0025% : a— 
1-f{ o6pa3en, 6 — 2-H o6pa3el, ¢ — H3MepeHHe mpH 
OXJaKeHHH 


papuo 0,0049%. AHoMambHOrO MOBeeHHA BA3KOCTH He OOHapyxKeHO. Hukesby 
BbIMIaBJICHHbIM B BaKYYMe, KPHCTaJWIM3yeTCaA C MepeoxaKkyenuem. Ductepesu 
ca BASKOCTH IPH OXJaKMeCHHH TakxKe He HaOsIOaeTCA. 

B paoote (1°) noka3aHO, 4YTO IpucyTCTBHe HepacTBOPUMbIX MpHMeceH Warne 
Me@JIbYaHIUHX Pa3MepOB BeeT K HEOAHOSHAYHOCTH TeMMepaTypHOH 3aBHCHMOCTI} 
Ba3KOCTH. Ilo Bceli BeEpOATHOCTH, B 2KHAKOM HUKEUe pH BbICOKUX TeMIepaTyparl 
He€paCTBOPUMBIe MpHMECHK HM BOOOLLE BKJIOUCHUA OTCYTCTBYIOT, a KUCOPOL U Apy-| 
rue IpuMecu OOpasytoT C HHKeIeM pacTBop. Bowee Hu3KaH BASKOCTb MeTasua | 
BbIMIaBJIEHHOrO B BaKYYMHbIX Medax, KOTOPad ABJIACTCA CeCTBHeEM pa3sloxKe} 
HMA OKHCJIOB, HATPHOB UT. I. B BAaKYyMe Ip BbICOKNX TemMepatypax, cmoco6- 
CTByeT Ooslee MOJHOMY BCIVIbIBaHHIO BKJIOYeHHH, OOpasyiolluxca Up packucae}, 
HH, a TAKKE KAYECTBEHHOMY 3allOJIHEHH10 POPMbI. ITHM OOCTOATEIbCTBOM MOXKHCP 
OTYACTH OODACHHTb Pe3KOe YBEIMYCHHE KAYeCTBA HUKEJIEBbIX CIIaBOB, BbIMaB-} 
JICHHBIX B BaKYYMHBIX Teuax (1). 

Jia MpakTMyecKUX Wee BaxKHO 3HaTb BEMUMHY TMHAMMUeCKOM BA3KOCTHE 
*KHKOTO HUKeA. K ComKAaIeHHIO, H3BECTHO JIMMIb OMHO OMpemeenue MIOTHOCTHS 
*%KUAKOTO HuKeIA UpH 1500° (7%). Cormacno (12) npu 1500° naorHocTs HuKess} 
papna 7,764 r/cm®; Tora AHHaMHUeCKad BASKOCTb HHKEIA, BbIMaBJIeHHOFO E 
BaKyyMHOM MNeuv, cocraBuT 4 = 7,764 -0,0053= 0,0410 nyas. Varepecuo ort-) 
MeTHTb, UTO 9Ta BeMMYMHA OIM3Ka K BHIUMCeEHHOH Mo dopmyse Anmpaze (2%)| 


Ns = 5,1- 104 (AT) Ve", (2) 


re 4 — BASKOCTb pu TemMMepatype MaBlenua, A — aTomubiit Bec, 7 — TeM-| 
is) e \ 
nepatypa tuiapienua B °K, V;— aToMHbIit O6beM B TOUKe MwaBleHns. 
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BasKocrb HUKeA B TOUKe MaBrenun mp 1453°, cormacHo dopmywe @); 
apna 0,042 nya3, a No HallluM U3MepeHHAM TIP 1500° papua 0,041 mya3, pu 
9KCTPanlOMpOBaHAH NO TOUKH MAaBeHUA 0,0465 nyas. 


Vucrury? Metainyprun Toerynu10 
Axanemun nayK CCCP 5 IO USO) 
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Aorunann Axagemunu nwayx CCCP 
1960. Tom 132, Ni 3 


XHMH fA 


Axayemuk A. A. BAJIAHMH u I. TETEHM 


O BJIAAHHK MPHPOAbI METAJIJIOB 
HA WX KATAJIATHYECKYtO AKTHBHOCTb 


- 


Corjacno My ibTunseTHor Teopuu A. A. Bananquua (1) Heo6xoquMbim yculoBH- 

KaTaJIH3a ABJIACTCA CTPyYKTYPHOe HM JHEPeTHYECKOE COOTBETCTBHE MEXKLY pea- 
PY!OWMMMU XMMHYCCKUMH CBASAMM B CyOcTpaTe H KaTaM3saTopom. M3 crpyK- 
PpHOrO COOTBeTCTBHA BbITeKaeT (7) IPHHWMN COXpaHeHHa BaJIeHTHOTO yrua,. 
KOTOPOM IIMCaJiH MHOrMe aBTOpbl (cM., Halpumep, (°)). OTOT mpunuun Tpebyer 
YUCCTBOBaHHA 3aKOHOMePpHOM CBA3H M@KLY KaTaJIMTMYeCKOM AKTHBHOCTHIO, 
Cl€AOBATEJIbHO SHEPrHel AKTHBALMU, HW MEXKLYATOMHbIMH PaCCTOAHUAMH B CJly- 
ae€ OMHAKOBbIM OOPa3s0M MOCTPOeHHbIX KaTasIM3aTOpOB. CyulecTBOBaHHe TaKO 
BA3H OblJIO NOLTBEpRTeHO B pae cmyyaeB (OQkKenb (*), PyOunmTelu (°), Bunk 
*)). C Apyrolt cTOpOubI, 3eKTPOHHbIe TeOpuu KaTau3a (KOTOpBHIe B CCCP pa3- 
f aOaTHIBaIOTCA rlaBHbIM OOpasom C. 3. PornucKum (7) u ©. ®. BompKenmitei- 
hom (°)) TpeOyloT HaIMYHA CBA3H M@EXKLY KaTAaJWMTHYeCKOM AKTMBHOCTbIO Mi 3JIeEK- 
)POHHLIMM CBOHCTBaMM TBepzoro KaTauusaTopa. IlosTomy HeKOTOpble ucce,O- 
\aTeIM COMOCTABJIAIOT KaTaJIMTMYECKY!O AKTHBHOCTH MeTaJIa C padoTol BEIxoZa: 
»), © He3amoHeHHOCcTHIO d-cyiog (19,14) c d-xapakTepoM MeTaJJIMYeCKOM CBA3H 
#?,13), a TakxKe C MarHUTHBIMH CBOlicTBamu (14). 


| 


y 


Mea Ur remede a) 


CpapHenue BeJIMUHH SHEPrMH aKTHBalun JlerMHAPOreHH3alWWH HS3OIIpOMMJIOBOrO CIlMpTa 
ic usHyeCKHMU CBOHCTBaMH HCCJI@OBaHHbIX MeTaJIJIM4eCKUX KaTaJIM3aTOPOB 


Fe Co Ni Cu Pd Ag Pt 

ATOMHBIM ~HOMep 26 i 28 29 46 47 78 
, KKaJI/MOJIb 2050.) 4254 SIE) HOLE | ASO! 4) AG) Is |) ANT 
plcTamMuecKad CTpyKTypa , A2 A3 Al Al Al Al Al 
flex yaTOMHOe paccTosHHe (17), A Paes || snl | PSO pee || An Ty Zoe) || 2R0d 
#a0oTa Bprxoga (18), B 436) 4,100 4, OG) (he 47 [een o2n An ZO leo 2o 
JOJep2xaHHe SJJIEKTPOHHBIX d-BakaHCHl rosfh ow Oj) O50 4| ©,60 | O20) Osas 
| XapaktTep MeTasiMueckol cBasn, % Be V Bo, | COLO |) ato.,0 36,0 | 44,0 
HeNOTa aTOMH3allH, KKaJI/MOVJIb 99 102 AHL | geul 140 | 65 122 


AxBTopamMu HacToslei pa6orT! Oblsia NOoMpOOuHO M3y4eHa KMHeETHKA eruspo- 
CHW3allHH CMMpTOB Hall pa3JIMUHbIMH MeTaJJIMYeCKUMHM KaTaM3aTOpaMu 
516), Jlia Teopuu KaTamH3a MpescTaBsIANO MHTepec CpaBHUTb NOJyYeHHbIe 
HeprMu aKTHBaMM C BeEMYMHAaMH, XapaKTepv3yIOULMMH Pa3JIMUHbIe CBOMCTBAa 
eTaJIJIOB, IPHMeCHEHHBIX B KayecTBe KaTaH3aTopoB. Takoe ComocTaBJieHHe IIpo- 
leleHo B Ta6n. 1 AA WerMyporenusalluu usonpomusoBoro cnupTa. Kak Ob1J10 
OKa3aHO CIeWMaIbHbIM HCCIeMOBaHHeM B CyIyyae MeqHOrO KaTaM3aTopa (1°), 
IMHETHUCCKHE KOHCTAHTbI, XapaKkTepH3yloulue MervApOreHusalMlo PasJIMUHbIX 
IMPTOB, MaJlO 3aBUCAT OT CTPOEHHA CIMPTA. STO ABJIACTCA OUCBUAHDIM CeACTBH- 
M OHHAKOBOM OpHeHTAaLHA CIUPTOB. CuleqoBaTeJbHO, pesybTaTbI UCCEMOBAHHA. 
WHETHKH JeErHpOreHH3alMn MBZOMNPOMUOBOrO CHMPTa MOXKHO C OOJIbINON cTe- 
€HbIO BEPOATHOCTH pacipocTpaHHTb H Ha Apyrue CHMPThI, TaK YTO Pe3yJIbTAaTHI 
a6. 1 umetoT JOCTaTOUHO OOM XapakTep. 

O17 


Paccmotpeune Ta6s. | MoKa3blBaeT, YTO WIA MeTAJIJIOB, HMCIOULMX KPHCTa. 
smueckylo pellerky Cc MoTHeiuieH ylakoBKOH (rpaHeleHTpHpoBaHHyto L 
ww Pekcaronabuylo A3), HaGOaeTCA MapaseIH3M MexKLY SHEPrHAMM AKT; 
Balu WH MexKlyaTOMHbIMH paccTOAHHAMH. B uccleqOBaHHOM HHTepBasle, Kay 
BUHO M3 puc. 1, C yBeMMYeHHeM PaccTOAHUA Me*KLy aTOMaMH MelaJia d BOsp¥ 
cTaeT 3HeprMaA aKTUBalMH Weruvsporenu3ally 
ciupTa & STO BospacTaHHe — JIMHeHHOE, B OF 
JIMUMe OT 3ABHCHMOCTH AaKTHBHOCTH (a He &) 
dB paOorax (*~°), rme HaOmOgaeTCH MakCuMyly 
CyllecTBOBaHHe 3aKOHOMeEpHOK 3aBHCHMOC)} 
Mey 9Heprueli aKTHBaMH MW MeKyaTOMHbII 
paccTOAHHeM HaXOHTCHA B COrmacuH C MYJIbT II 
ieTHOH Teopuelt. HaoGopot,mpH paccmoTpeHrp 
TaO. 1 oka3bIBaeTCA, TO OTJEbHO B3ATER 
QJIEKTPpOHHbIe CBOMCTBa (B TOM YHCIe pado 
BbIXOa WM MpowenT d-xapakTepa), a Takxe T 
MOTa ATOMM3aIlMH HE MOryT OOBACHUTb X¢ 
H3MCH€CHHA BeJMUHHbI QHEPrHH AKTHBALMH. fj 
JaHHOM Culyuae HE HaOwOMaeTCA HENOCpesCcTBe |; 
HOrO TapaJdJeHU3Ma MEXKLy OTACJIbHbIMM 3J1eK} 
POHHbIMH CBOHCTBaMH H SHeEprveH aKTHBAaUM |) 
OjHako 9TO He MpoTHBOpeyNT cylecTBy 93/1} 
KTPpOHHOM Teopuu KaTalu3a. SCHO, YTO B OCH) 
Be CTPyKTYPHbIX H 9HEPrerHyecKHX (PaKTOPOB TO*KEe JIKUT CTPOeCHHE BEILECTI 
M3 3JIEKTPOHOB WH sajep. Ognako Wid OObACHEHHA KaTalu3a TpeOyeTca, 
BHJMMOMY, JOBOJIbHO CJIOXKHOE COVeETAHHE SJIEKTPOHHbIX CBOHCTB, TOra KaK} 
CTPYKTYPHBIX (MH 9HEpreTHYeCKUX) (pakTOpax STO CO“eTAaHHe YaCTO yxKe HMEETE 
B TOTOBOM Bue. | 

B nactosue padore ObiJia SKCMepMMeHTaJbHO U3y4eHa KHHETHKAa erHApilh 
TeHH3alHH M30MpONMJIOBOrO cHupTa Ha MeTaJIMYeCKHX CepeOpe, MlaTHHe 7 
nalaquu. Ilnatuna wu nalaqui OplwiM nowyyeHbl BOCCTaHOBJIeHHeM H43 TI 
THHO- HW MaJJaMeBOXJIOPUHCTOBONOpOAHbIX KUHCIOT (opMamuHom No H. JI. 3 
JIMHcKoMy. CepeOpaHblli KaTaM3aTop Obi MpHrOTOBJeH IyTeM BOCCTaHOBAJIh 


25 Wes Tameo eA: 


7 7 7 
Ss 


Puc. '1. SapucumMocrb 9Hepruu 
AKTUBALLHN Jer porenu3saluu H30- 
IIpOMMJIOBOrO CHMpTa OT HaHMeHb- 
wero MexKLyaToMHOro paccTOAHHA 
B KPHCTaMMUeCKOH pelleTKe Me- 
Tanna (pemerku Al u A3) 


HHA BOJOPOJOM OKHCH CepeOpa, NOJyYeHHOH ocaxKeHHeM M3 BOAHOFO pacTBoyH 


OTHOCHTeJIbHbIe aCOpOUHOHHEIe KOSppu- 


Ta6nauna 2 


ILHeHTHI alleToHa (Zs) 


Wao A F 


OTHOCHTeIbHEIE aJCOpOWHOHHbIe KO3p- 


(uUMeHTHI BOROpOAa (Zs) 


Katanusatop | T-pa, °C 22—=Aay/Aoq Karanusarop | T-pa, °C a= Oe ae 
Ag 250 1,000, 03 Ag 257 0,47--0,09 

Ag 267 0,98-F0,05 Ag 272 0,44-0,05 

Ag 289 0,96-L0,05 Ag 287 0,470, 04 

Pt 235 0,300,03 Pt 226 0,32--0, 04 

Pt 248 0,32-£0,03 Pt 244 0, 42-0,04 

Pt 268 | 0,30-0,06 Pt 256 0,45--0, 05. 

Pt 272 0,540,08 

Pt 282 0,60-£0,04 


AgNOs. Meroquka mpoBesenis! KHHeTHYeCKX HsMepeHHit Obima onucaHa pani 
("°, “'). Pacuet koucran? cKopocteli peakiun k npoBoguucsa 10 (bopmyuie 


Ai 


Ay—m 


k = (2, + 23) Ay In byw; (| 


NOJYYCHHOH 43 OOUerO KHHETHYCCKOPO ypaBHeEHHA, BbIBE.eHHOTO OHUM 

19 
ABTOpOB (1) (3ecb A1 — 06bemHAaH CKOpOCTb MpornycKaHua ciiuptTa, m — o6n} 
Bofopoya, BbiqemMBUeroca 3a | MuH. B 1 MJ H.T.Q, 2 WU Z3 — OTHOCHTeENDH! 
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: 

ACOpOMMOHHbIe KOS*ppulMeHTE alleToHa uv Bogopoga). [Las pacueta KOHCTaHT 
KOPOCTeH peakI[HH OblO HeOOXOAMMO ONPELeMMTb 22 U Zs MPOLyKTOB peak- 
MM, KaK 9TO BHAHO U3 qopmyap (1). Stu BenMUMHI Ob oNpeneeHbl 
€AKIMMOHHO-KHHETHYECKHM MeTONOM (7°). Meroquka ompenenenua mu Meron 


ee ONMCaHbI B padotax (1°,1%), Tlonyyenuple aHHDle mpuBerenbi p TaGn, 
im 3. 


Pi LALA ls Qe! 18 79 
40 —— 


Puc. 2. 3asucumoctb logm or 41/T aaa eruzporenusanun 
H30NponusoBoro cuupTa: a — Ha Ag, 6 — Ha Pt, e — na Pd 


| C UeubIO ONpeleseHHA SHEPrHM aKTHBALMM Aeru~porenusauMu Ms0mpomuno- 
BOrO CHMpTa ObIJM MpOBeJeHb! OTIebHbIe CepHH ONBITOB pH pasJHYHbIX TeM- 
fepatypax WM NocToANHOM OObeMHO cKopocru. Ja pacuera Bemmunn k B op- 
MyJy (1) Opium NogcTaBenbl sHayeHuaA A,, mu(Z.+ 23). J,na mnaTHHOBoro 


Ta6auna 4 Ta6auna 5 
Jlerugporenuzauua ws0-CsH;OH ua Ag Jlerugporenusauna ws0-C3H,OH ua Pt 
(o6bem KaTamu3atopa 10 Ma; cKopocTb (o6bem KatTasmusaTopa 1 Ma; cKOpocTb Tipo- 
Nponyckanua 0,16 ma/mMun; Ay = 47,4 uyckanua 0,16 Ma/mMun; Ay—47,4 ma/Muu, 
M/MuH;A;’=4,74 mMa/MuH ua 1 Mu KaTam.; A;’=47,4 Mia/MMH Ha 1 Md KatTan.; c= 
2.+23=1,44; ¢=19500 kan/Momb; Ro=2,31- =17200 Kaa/Monb; ko=7,36-107;¢/lg ko = 
-108; ¢/lg Ro=2, 27-108) == iO) 
Ne | T-pa, | Hp, mee Ne | T-pa, be 
onbita XG Mia/MuH|Ha 1 Ma I: Repu oubita °C) olna 1 MII Zot2s E Rept 
ee KaTaJ. 
4 206 N22 ORS I Gay ll hres 
il 228 AA OMA OA Zan) Ona 6 ZO) || Bee Osis || Zl |) Bae 
a ee Mt AN 2 NO) A) aba (0), A740) i PAS) |) Zeno A On Gl 1) Zh |) 2ocks 
3 236 | 1,85 |0,185 |0,190} 0,164 5 Dy | Be PA0) || O84, | @73 || 3,8” 
6 DEAN? OSn On 208etOn223)) OF226 4 230 | 3,90 | 0,66 | 4,07 | 4,24 
2 ZA OUr ORS OUn On S4dul Ok aci 3 Dou A 23 AO), GOM 4s Oo) lean 
4 2) || ASB | O,ASss Oe Salo) WO 2as 2; PAE Ve || WRT TSS) || O50 
5 287 | 8,80 | 0,880 | 41,010} 0,920 8 DES | S85) On 72 O14 O55 
KaTasMsaTopa Z3 YBeMUMBaeTCA C YBeMYeHHeM TemNepaTypbl (cM. Tad. 3), 


MlOSTOMY 3HaYeHHe Zs AIX TpeOyeMoH TemNepaTypbl Haxoqusocb MNTepnoJsA- 
uneli mo rpadbuky 3apucumoctTy lg z; or 1/7. YMctannas asneprua akTHBallMn pe- 


TaOuuna 6 
Tleruqporenusauua uso-C3sH,OH na Pd (o6bem kKatamusatopa 1 MJ, CKOpocTb 
" tpomyckaHua 0,15 mJ/MHH; A,=45,0 Ma/mmn; A =45,0 Ma/MHH Ha 4 MJ KaTaw.; 
e =18000 Kam/moub) 


Ne onbiTa T-pa, °C a eae Ne ombita Tepar -G le ae 
7 249 Aa 8 268 ROS 
4 250 ASD 3 280 el 
2 PAST 2508 4 288 6,56 
6 268 4,20 5 296 Ts 10) 


aKUMM OblJIa OlpeleseHa AIA WeErHApOreHusallMH W3OMpomHOBOrO CMupTa Ha) 
cepeOpe HM MaTHHe, MOCKOJIbKy AIA STHX KaTaIM3aTOpOB ObIMM OMpeeveHbl) 
OTHOCHTCJIbHbIe aCOpOUMOHHble KOSPPUUHeHTH! WposyKkTow peakwuu. JLaa nas} 
aqua Obluia onpesemeHa mpnOMKeHHaA SHEpruH aKTHBanMu, paccyMTaHHaals 
M3 TaHTeHCa yruia HaksoHa MpAMoi 3aBucumoctTu lgm or 1/T. Ilonyyenuble 3Haye-} 
HuAeCM. Ta61.4—6 uw puc. 2. Kak BHHO M3 pUuc. 2, TOUKM C YMOBJETBOPUTeIb-| 
HOM TOYHOCTbIO yKJIaqbIBaloTCA Ha appeHuycoBcKHe mpsxmbile. Hatenuplell 
3HeEPrHH aKTHBallMH MOMelleHbI B TaOJ. 1, Tak 2%Ke KaK WM SHEPIHH aKTHBALMy)) 
H3 paoor (74%). 


MockosckHit rocyapCTBeHHbIH YyHHBepCHTeT TlocrynHo 
uM. M. B. JlomMonocosa 9 IX 1959. 
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Joxnagn Akagemun nayk CCCP 
1960. Tom 132, N 3 : 


XHMHA 


M. H. BATYEB, A. C. OHHINEHKO, A. 7. MATBEEBA u H. UH. APOHOBA 


OMNTHYECKOE HCCJIEAOBAHHE TEOMETPHYECKOU 
M NOBOPOTHOK HW3OMEPHM HEKOTOPbIX JMEHOB 


(ITpedcmasreno akademuxom Bb. A. Ap6ysceem 2 XII 1959) 


Bytaguen-1,3 cyuyecrByeT, Kak H3BeCTHO,B BHe AByYX NOCcKHxX KOHopMa- 
mui — uconquon (1) u Tpanconyzuon (II) (').. B sTux Konctbopmauuax Koumeba- 
HHA JBOMHBIX CBA3€H He He€3aBHCHMbI, OHH CBA3AHbI MOCpeCTBOM OHOH eH- 
HHYHOH cBa3H C —C, utTo o6ycoBMBaeT 2Be dopMbl STHX KOMeOaHHH — 
‘CHMMETPHUHY!O (C) H anTucuMMeTpHynyto (a). Uacrornr Bcex STHX KONeOAHHi 
pasinudup. Tpancouyquad Kxondopmauua (11) oOmaqaeT WeHTpOM CHMMeTpHE, H, 
Cl€AOBAaTeJIbHO, B CICKTPe KOMOMHALMOHHOPO pacceaHHA CBeTAa (K. p. C.) MOMKHA 
HaOwOLaTbCA TOJIbKO OHA Ooslee BbICOKaA YaCTOTA CHMMETPHUYHOFO KOMeOaHHA 
(1638 cm~!), B cnekTpax uHpakpacnHoro norsomenua (uv. K. 0.), HalporTus, 
JOKKHA ObITh HaOOeHa TOIbKO OfHA Oosee HH3KAA YaCTOTa AaHTHCHMMeTPH4- 
HOrO KOIeOaHHA (1603 cm“'), 4TO SKCHePpMMeHTAaJIbHO MU ObINIO KOHCTATHPOBaHO 
B ciekTpax OyTaquena-1,3, CHATHIX IpH KOMHATHOM Temmepatype (274): 


cS z, vs x A 
y, 4 fe 47 tH AG 
Vl iG C C 
| 1659 (kpc, HKN) | 1643 (kpc, u«n) i 1638 (xpe) a 1603 (un) 
G (Ce 2 yi 
XY A ~ NG dé Lak 
d Ne NG 7, nay g 


a 0D (1c) (Ja) 7 (Itc) * (Ila) 


Ipupeyenuple 2aHHble yKa3biBaloT Ha Oe3ycIOBHOe Npeocbazanue B OyTaquene-1 ,3 
IpH KOMHATHOH TemMepaType TpaHCcoMAHOH mIocKOH KOHdopmaunn (II) (no 
COBOKYNHOCTH J[aHHbIX (H3HKO-XHMMYeCKHX UCCeqOBaHHH — mo 96%). Llu- 
couHad KOHopMauuaA OyTagquena-1,3 (I) He OOaqaeT WeEHTPOM CHMMeTPHH, 
CeOBaTeJIbHO, HW B CMeKTpe K. p. C. WH B CMeKTpe H. K. I. STOH KOH*OpMalLuu 
AOJMKHbI HaOOLAaTbCA “YacTOTHI OOeHX CSOpM KONeOAaHHH ABOMHBIX cBaAseH (Ic) 
uv (la), Upuyem B TepBom Oojlee HHTeHCHBHaA YacToTa (la), BO BTopom (Ic). 
B cnextpe k. p. c. (*) OHM ReHCTBUTeIbHO HaAOIOeHbI B ra3s0Bon (ase OyTaquena- 
1,3 mnpu 55° 1643 u 1659 cm7!, npuyem nepBad 3HadNTeIbHO Ooulee HHTCHCHB- 
Hav, ¥eM BTOpPas; O6e OHH JIexKAaT B Oolee BbICOKOM OGacTH CeKTpa, yem y (I1),- 
BBUY OoIbleH 2HepreTHyeCKOM HallpaxKeHHOcTH (I) *. B cnexTpe u. K. QI. 
M3 93THX 4WACTOT JO2KHA ObITb Ooee MHTeEHCHBHOH ~1659 cm~1; ona u HaOuIO- 
Jena B (*) Ip KOMHATHOM TemMepatype B Bue CaOOM MOOCKH, TaK KaK B 3THX 
yCNIOBMAX WuconqHaa dopma OyTayuena-1,3 cymlecTByeT JIMMIb B Bue ToAMecu 
K TpaHcouyzHol; uactotra ~1643 cm™: Kak BecbMa c1a6ad B STHX yCOBHAX, 
€CTeCTBCHHO, He Obluia OOHapy Kena. : 

CkasaHHoe Mo_TBepxqaeTca XMMMYeCKH: OyTaqueH-1,3 UpH KOMHAaTHOH 
TemMepatype JIHUIb MeqIeHHO BCTyNaeT B peakumio Jluibca — Aubyepa us-3a 
Oe3yCIOBHOFO MpeoGlaqanuad B STHX YCOBMAX TpaHcousHON Konpopmauun (II). 
Sra peakuua ocyllecTBaseTca Jerue TIpH MOBbIWeHHH TeMMepaTypbI, cmoco6b- 


* SyauvTembHO GOomee BbICOKHe YaCTOTHI KOMeOAHHM WBOMHEIX CBASCH Y WMCOMAHOM KONMOp- 
matuu (I) 6ytaguena-1,3, vem B sTHNeHe (1621 cm), yKasbIBaloT Ha CyMleCTBeHHOe COKpallenne 
JWIMH J{BOHHBIX cBa3eH B (I) CpaBHATeIbHO C JBOHHOM CBA3bIO 9THJICHA Kak 9TAJIOHAa (2) 
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CTBYIOUeM Mepexoly TpancousHoH Konopmaiun (I) B ucouquyto (I), koTOpasyt 
HUMeHHO H ABJIAeTCH OCHOBOH peakuuu J[uibca — Avbsepa. i 

B ucceqyeMblX HaMH HW2Ke€ MOHO- HM JM3aMelleHHbIX 6yTaqueHax-1,3 BO3Ig 
MOKHAa, Kak MW B OyTaqnene-1,3, MOBOPOTHAaA H3OMePHA, HO B HEKOTOPbIX CJly 
yaiX OHA HakJIaqbIBaeTCH Ha TeOMeETPHYeECKY!O H3OMEPHI0, Kak, HallpHMepily 
B l-xmop6yTaquene-1,3 u munepumene (MenTaqueHe-1,3) *. BeneqcrBue Takoroy 


cieqyoulme yeTbipe usomepa (X = Cl, CHs): 


H H x xX 
x xX H 
re ee ea ak 
— 
H H H H 
H7 \—H a7 \ 
H_ (ill) qv) H Hl e0v) f 


EctecTBeHHO, UTO B STHX 3aMelIleHHBIX OyTaquenax-1,3, KaK HB CaMoM OyTa} 
juene-1,3, IpH KOMHATHOH TemnepaType B XHAKON tase MpeoOsaqawT TpaHcony: 
Hble KOHopmMauun (III) wu (V). Onn He uMeloT WeHTpa CHMMETPHH, TMOSTOMy 
B UX CIe€KTpax K. p. Cc. (KaK HH. K. 1.) QOJDKHBI HaOIOMaTLCA YaCTOTHI OOEMX} 

Ta6auna 1 


Cmecb m1uc-+Tpanc Cmecb Wuc + TpaHc Cmecb wuc-+ TpaHe Ff 
{uc (III) Lue (III) I[nue (11) ' 
Tpauc (V) (In) tpane (V) | muc (III) Tpanc (V) | mxc (III) 


Cnektp KOMOuHalMOHHOrO paccesuHA WMc-1-xXmop6yTaquena-1,3 Hu CMecH WHCc- u TpaHc-1- 
xmopOyTajuena-1,3 TpaHCOMJHbIX KOHOpMalul +4 


175 (5*) = 174 (4*) = 912 (4*) = 1640 (10*) — 1640 (9**) 
184 (4*) = 185 (3*)|| 929 (6m) = 929 (5*11) = 1649 (3**) — 
366 (8*) = 366 (6) — 4157 (6) = = 1669 (3**) — 
= \398 (31, 7B)} — 4226 (10m) = 4226 (Su) 2846 (1) — 2846 (0): 
= 466 (5) = 1279 (5*) 1282 (6*) | Copmagaert|| 2917 (4) _ 2919 (0) 
628 (3*) = 628 (2*)|| 1291 (5*) = 4293 (3*) — 2945 (0) = 
643 (3*) — 642 (2*)|| 1302 (5*) = 1304 (3*) 2954 (3*) — 2956 (1*): 
= 663 (1) = 1325 (4p) == 1325 (2p) 2973 (3*) — 2972 (1*) 
= 745 (3*) —  |(41360 (Om, mB) = 1360 (Our, ZB) = 3000 (3*) —_ 
752 (5) = 754 (4*) — 1408 (2*) a= 3014 (40) = 3014 (7*) 
= 810 (4) = 4421 (6) = 1424 (4*) 3094 (6) — 3090 (4**), 
= 839 (4) = 1625 (10*) = 1625 (9**) = 3104 (27*) — d 


CnekTp KoMOMHalMOHHOrO paccexHHA WMC-MMepHsenHa M CMecu I[Mc- M TpaHc-nunepHieHa * 
TPaHCOHJHbIX KOHPOpMalHi 


= 191 (2) = = 1015 (0) a = 1434 (0) — 
206 (2*) 208 (2) — || 1035 (8m) | 1035 (3m) | = — 1439 (5**) — -- 
214 (2*) = = = 1080 (38) = 1454 (5**) | 1452 (6%) = 
228 (2) a = = 1110 (3*) aa = 1462 (4*) — 

363 (4B) = = = 1127 (3*) = 1638 (10*) 4637 (2**) 
392 (8) = 390 (3) || 1166 (6) = 1165 (2**) — 1645 (10**) — 

= 458 (1) 2: - 1175 (8**) = 1656 (10%) = 56 (2**) 
= 481 (8p) = — 1190 (8**) = = 1670 (7**) — 
615 (4%) = 613 (0) || 1252 (9m) = 1253 (4m) = 2854 (4*) — 
626 (2*) = = = 1202 (9m*) = 2857 (3**) — = 
a3 815 (4m) | — || 1997 (8m) — 1297 (3*) = 2885 (4*) «| — 
886 (4**) ME = 1325 (0) = = 2918 (6**) | 2917 (8*) — 
= 889 (5*) — — 1352 (0) = 2961 (0**) = = 
902 (4**) | 902 (5) = 1361 (2) = = = 2968 (2*) — 
914 (2**) =) = SMA EASTSNG) = 29914 (2**) = = 
= 952 (0%) | — 1387 (4*) 2 = = 2996 (9%) = 
958 (5) =e, = 1397 (0*) = = 3014 (8**) | 3012 (4%) = 
= 965 (0%) | — = 1416 (5) = 3085 (3) | 3089 (5) = 


I[pumeuanne. SpBesqoukaMu O603HaueHbI JMHMM, paconoxweHHEIe Ha (one, OOWeM 
c coceTHHMHW JIMHHAMH, OOO3HaUeHHbIMH TeM 27Ke YUNCJIOM 3Be370UeK. 
tbopM kowleOanui JBOMHbIX CBA3eH — CHMMeTPHUHOTO HM aHTHCHMMeTpPHUHOrO, 
mpuyem B (\V) (Kak Tpanc-KOH®UurypallMH TH3aMeWeHHOrO STUeHa) 9TH UAaCTOTHI 
QOJDKHbI ObITb Oolee BbICOKMMH, 4eM B (III) (kak B WHC-KONcurypaluH WH3a- 
MeU€HHOrO STHJIeHa). Bce 9TO MbI HM HaOmIOZaIH. Bown wcceqOBaHbl CIeKTPBbI 


* Vimeroujveca B auTepaType JaHHble O cCieKTpax K.p.C. HEKOTOPbIX 13 HCCeLyeMbIX HaMy 
CO@#MMHCHHH BECbMa HeYOBJIETBOPHTeJIbHbI, YaCTb u3 HUX (°, °) HMeeT rpyOble OMMOKU, Apyrue 
cneKkTpbi (*) NoslyyeHbi mourn 30 eT TOMy Hasay Ha NpHOopax c HUu3KOL paspemialomelt cmoco6: 
HOCTbIO C CYye€CTBEHHbIMH MpONyCcKaMH H BbISBAHHBIMH 3TMM HeMpaBHJIbHOCTAMH B BaxKHOM JIS 
HallerO HCCJI€HOBaHuA O6saCTH YaCTOT KONe6aHHH BOMHbIX cBa3elt. 
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p. c. (III): muc-1-xnop6ytaquena-1,3 (0 cuHTese cm. (8)) w muc-MHMepusena. 
CMeKTpax MMe€IOTCA YaCTOTH! OOeHX OPM KOJIeOaHHH JBOMHbIX cBA3eH — 
}iiMMeTpHUHOTO MH aHTHCHMMeTpHuHOrO: pw X = Cl 1625, 1640 cm, npu 
1) = CH, 1638 4 1656 cm™?. 3atem Obl HCCeEQOBAHI CIeKTPHI K. p. C. Tpaxnc-1- 
mopOyTaqueHa M TpaHc-MMNepHsieHa, KOTOPHIe ObIIM MOmyyeHbI HE B UHCTOM 
He, a B CMeCH C IWuCc-KOHurypatuamn (°). B cnextpax Tpanc-Kondurypaunit 
fpkxKe OONapy2Keubi YaCTOTHI KaK CHMMETPHUYHOTO, Tak HW aHTHCHMMeTpHyHOrO 
oeOaHHA IBOMHBIX CBA3eH: IpH X=Cl 1649, 1669 cmt, npn X =CH, 1645, 
670 cm~*. Kak nokasao onTHY¥eCcKoOe HCCIeLOBaHHe, Ha JOJO TpaHc-KoH(pH- 
pallH B CMeCcH WHC- Ht TpaHc-1-xsiop6ytaquena-1,3 npuxoqutca~ 20%, Bcmecn 
ucH TpaHc-nunepyvsiena ~ 80% (cm. Ta6n. 1*). B cormacuu co cKka3aHHbIM 
ple, YACTOTHI KOeOAHHH BOMHbIX CBxAseH TpaHC-KOHdurypaluM y o6oux 
Oe€MMHeEHHH Oovlee BbICOKHe, 4YeM y WHC-KOndurypanui. 

XuMUNUeCKHe JaHHble HAXOMATCA B COraCHH C W3JIOXKeHHBIM BBIUe: WHC- 
foudury parau TpaHcoHAHOK KOHdopmanuH (III) npy X = Cl, CHs ne sBety- 
RaIOoT B peakiuH J[uipca — Aubyepa Jake pH MOBBIWeHHM TemIlepaTyphl, 


yak Kak B 3TOM Cylyuae (III) mMoxer nepefitH TOMbKO B UWHC-KOHcurypaltuto 


MUCOMHOH KOHOpMauuu (IV), KoTOpad He peanu3yeTcH WIM TpyqHO peamu- 
Hyercs u3-3a CTepHuecKHxX [penaTcrBui. Hanpotus, Tpanc-Kondurypannu 
}paHCOHAHOH KOHdopMaluu (V) BcTynaiwT B peakunH Jubca — Aubyepa upu 
OBbILICHHH TeMIepaTypbl, TaK KaK B 9THX YCOBMAX OHH NepexOAT B TpaHc- 
SOHDurypauwio WIOCKOH WHCOHAHOH KOHKdopmaunn (VI), cnoco6cTByroller 
ICVILECTBICHHIO ZTOH peakIHH. 

Jima xJOpompeHa HM H380MpeHa MOXKHO MpeANOTORKUT WBE BOSMOXKHBIX MVI0- 
CKMX KOHdopMayHH — Tpancongnyto (VII) wu unconguyto § (VIII)(X =Cl, 
CH,), Kak u quia 2,3-qumetusm6yTaquena (IX) u (X), 43 KOTOPHIX pH KOMHATHOI 
remiepaType MpenmMymlecTBeHHbIMu sBsioTca (VII) uw (1X): 


ah ae ak 
x Ne Y oN 
(x) 


. wip win * (1X) 


| 


| Koxndopmauua (VII), kak He uMelollad WeHTpa CHMMeTPHH, WOJKHA Xapak- 
TepuU3OBaTbCA B CNEKTPeK. p.c. (KaK HW H. K. M1.) yacToTamH O6eHX POpM KOuJle- 
(OaHuH TBOHHbIX CBA3€H — CHMMETPHUYHOTO HM AHTHCHMMeTPHYHOFO, KaK HM IH- 
jcouqHBIe KOHpopmaunn (VIII) u (X). Koncbopmauua (1X) u3-3a HaMuHA B Hel 


Ta6anna 2 
CnekTpbl KOMO6HHauMOHHOrO paccesHHA xXOpompena, Hs0npena HM 2,3-quMeTuiOyTaquena 
KBOMOmMOOs, Aer Zao(h), ZAG), ASO), ais Ges ati (Ge), swirler 
MERZ het Oo") BDA) OOde()p SOd (Boar oo 1 (as\en O1G1(8** eG 31(8*\rOLOds)s L024 
eee Os2(1 e247 (SB) 289 (Sp lsoa(O)e aanoiit) 1390 el 42S) 15834), 
Bena) 16295(10*);, 4658 (4*),, 2998 (14*)5 B021(7**) ,. 30540(4**),, 3098i(2*),,, 31431(45)§, 
31 20)(2*). 
PARGLO MEDC Hy ew AVNCMigts 272A) uae ool 2) pm 20 (ls) ati) eas) ada Lee 


521 (1*), 529(6*), 537(1*), 779(3 8), 878(0*), 891(4*m), 903(4*m), 913(2*), 955 (5), 
996 (3), 1066 (7*), 1072 (2*), 1293(8**m, op), 1304(3**), 1382 (2), 1416 (2%), 1426 (8*), 
1437 (2*), 1598 (1), 1623(0), 1639(10 m), 1658(0), 2865 (0), 2908(3), 2931 (3), 2982 (2), 


3014 (8), 3088 (3). 

-2,3-Lumetuna6ytaguenu, Av cm}: 383—435 (3, monocka), 495(5), 552 (2), 
729(7), 895(6m), 967(5), 1025(10), 1341(3), 1381(5), 1411(10), 1443(3), 1470 (3), - 
1628 (10*m), 1652(4*), 1693(2), 2706(2), 2736(2), 2895(5*), 2917(10*), 2947(4*), 
2975 (5*), 3007 (7*), 3092 (7). 

UCHTPa CHMMeTPHM JOJOKHa XapaKTepH30BaTbCA B CMeKTpaX K. P. C. OMHOM 
yacTOTOH CHMMeTPHYHOrO KOJIeOaHHA JBOMUbIX CBaA3eH (B CMeKTpax U.K. 1. — 
OMHOH uacToTOH aHTHCHMMeTpH4HOrO HX KOseOaHHA). BcmekTpax kK. p. C. 
B XKHKOM (hase Mp KOMHATHOHM TemMlepaType HaMH HaleHbl HHTCHCHBHBIC 


* Bee cneKTpbI K. p. C. 9TOM CTaTbH CHATbI Ha OTeYeCTBEHHOM clleKTporpade MCH-51 u 
Ha cnekTporpade Xusbrepa E-612. 
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‘yacToTH! y xopompena 1588, 1629 cm-!, y w3ompena 1598, 1639 cm’, OTHOC!}} 
ulmeca K Mpeo6aqaiomum TpancousubiM KoHopmamusm (VII). Cua6pie 1 
HHTeHCHBHOCTH yacroTHt 1614(1), 1658(1) y xopompena u 1623(0), 1658(\ 
y us0lmpeHa OOa3aHbI CBOMM IIPOHCXO%KJeHHeM HE3HAYHTEJIbHbIM TOMeCAaB 
UMCOMAHEIX KoHopmaunit (VIII) (cm. Tab. 2). Besycuiopnoe mpeoOmazaHif 
B YKa3aHHBIX yCJIOBMAX TpaHCOMAHbIX KOHpopmanul (VII) no_TBepxnaerc 
XMMHueCKH: peakuua J[ubca — Anbyepa B STHX yCJIOBMAX serye OCYULeCT:} 
JIAeTCA C HOBBILCHHEM TeMIepaTypbI, KOra TpaHconzHble KonopmawunH (VI | 
MepexoqaT B 1ucongube (VIII). B cnextpe kK. p. c. 2,3-qumMeTHOyTaqMer 
B %KHIKOH (base Mp KOMHATHOH TemMMepaType HaOJOQeEHbI TPH YACTOTHI KOJIP 
Oanult BOHHbIX CBA3ei: BecbMa MHTeHCHBHaa 1628 cm~* CHMMeTPHUHOTO Hie 
KoneOaHua B (IX) uw Be Somee ca6ble MO MHTeHCHBHOCTH YacToTHI 1652(45 
1693(2) aHTHCHMMeTpH4HOrO H CHMMeTPHYHOTO KONeOaHHH JBOMHbIX CBASE} 
B (X) (cm. Ta6a. 2). Ilo onTwuecKHM JaHHbIM JOA WACOHAHOH KOHpOpMaLAl 
B cmecu yocTuraeT 20—25%. M3BecTHo, 4TO B KHAKON chase MPH KOMHATHC/ 
Temlepatype 2,3-quMeTHJIGyTaqHeH B OTJHUHe OT BCeX OOCYKCHHbIX BbIILE 
OyTayMeHOB CpaBHUTeJIbHO JerkO BCTyNaeT B peakuuIo J[ubca—Aupyepa, 41K 
110-BHJJUMOMY, OOYCOBJIeEHO MIPHCYTCTBHEM B 93THX YCJIOBHAX JOBOJIbHO 3HauIf 
TeJIbHOFO KOJIMYeECTBA IHCOMHOH KOHopManun (X), oOecneunBatouleH 3Tf 
peakuny. 

IIpupoqum dusuyeckue CBOMCTBa HCCJIEQOBaHHbIX COeHHEHHH: 


T. kun., °C/mm a0 nv 

[luc-1-xop6ytaquen-1,3 (III) 66,8—67° 00,9553 . 41,4708 
Cmecb uMc- HM TpaHc-1-xmopOytTagueHa- ; 

4.3 (Ul) + (V) 67,2—67,5° 0,9537 1,4712 

Iluc-nunepnaen 4352 /141 (0,6923" E4368 

Cmecb Wuc- HU  TpaHc-Mmunepusena 

(III) ++ (V) 41,6°/741 0,6772 1,4304 

X mopompex 08, 1° /145" 0;9585 44883 

Msonpex 33,4—33,5°/753 0,6760 1,4242 

2,3-Tumetun6ytannen-1,3 6755 [731 ~“ON7269 1454385 
VMucrutyT roprouux MCKOMaeMbIx Tlocrynuso 
AkajeMuu HayK 7 XII 1959 


WucTHTyT OpraHHueckoH xumMuu uM. H. JI. Senunckoro 
Axayemuu HayK CCCP; 
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XHMH A 


WM. ®, BEJIbCKUH, usen-koppecnonzent AH CCCP H. HW. WIYAKUH 
un P. A. KAPAXAHOB 


TEPMHYECKAA AEPMAPOPEHH3AUNS 2,5-RMPUAPO®YPAHOB 


Ilaruwiennpie rerepowMkKIMyecKkHe CoeqMHeHHA — TeTparuApodbypan, mup- 
ONMIMH M THOAH OOHAPyKUBAWT TyOokoe pa3iMdNe B OTHOWIEHHM peakILMH 
eri pOreHu3alMW UX B COOTBETCTBYIOULMe HeHACHIINeHHbIe reTepomuksibl. V3 
THX TPeX COeCAMHEHHHM MMppOJIMAMH M THOCaH MOrYT JerHAPUpOBaTbCA COOTBET- 
TBEHHO B IIMppOul H THO@eH Ha MiaTHHe B MapoBok dase npn 300—400° (’). 
STUX Xe YCOBUAX TeTparuspodypan He OOsamaeT CHOCOGHOCTHIO K peakIHH 
WeruypupOoBannsa Bbypan (?). Onnako cam Terparugzpodypan u ero pa3suuHble 
rOMOJIOrM Ha IJIaTHHOBOM KaTaJIM3aTOpe B MapoBol tase MpeTrepneBatoT u30Me- 
OM3allNt0 C paCKPHITHEM WMKJIa 10 OHO U3 C—O-cBxa3el Cc OOpa3s0BaHHeM auda- 
WMueCKHX KeTOHOB HJM aJibderHoB, IpMueM MOCJeHHe MOJHOCTbIO WeKapOoHu- 
MpyloTca B apadunoBele yrseBoxoporpi (*). B ormuuue oT TeTparugzpody panos, 
uruypodpypaubl OOHAaPyKUBaIOT CHOCOOHOCTh K HHTepeCHbIM MpeBpallleHuaM 
B TEPMHYECKHX YCJIOBHAX. 

Ha mpumepe mpespamenua 2,3-qurugpopbypana B WHKJIONponanaibqeruy 
Bumcou (*) 10Ka3asI BOSMOXKHOCTh BECbMa CBOEOOPa3HOrO Nepexosa OT MATHYIEH- 
HOrO KNCOposcosepxaulero TerepOUNKa K KapOOHUJIbHbIM COeHHEHHAM pAya 
wuksonponana. HeaBxo MbI Hallin, uTO 2-meTuu-4,5-qurnapodpypan B TepMu- 
YeCKHX YCJIOBHAX perepMeBaeT H30MepusallMio TaKOrO Ke THMa, NpeBpalllancb 
B Me€THJIIMKJONpOMMJIKeTOH (°): 


sal | 470—480° 
| 1 omnes 


jon Aveo 
O 

Mexiy lpesppatlenuamu 2,3-qurugpodypaHoB B WMKJOMpoMmaHoBble Kapoo- 
HWJIbHbIe COCMHEHHA HM NeperpyNMMpOBKON MIpOCThIX BHHHJIOBbIX S*PUPOB B aJu- 
daTuyeckne aJIbyerufsbi CyulecTByeT OYeBYAHAaA aHaorua.B CBaA3M C STHMH 9KC- 
I€PHMeCHTAJIbHBIMM Pe3YJIbTaTaMH BOSHHKA HE JIMIMeHHbIM TeopeTHyeckoro 
3HaYeHHA BOMpOC O NOBeeCHHH B TEPMHYECKUX YCJIOBMAX H3OMePHbIX 2,5-Mru]- 
pody panos. Hamu Opin nosy yeubl 2-MeTuu-, 2-9THJI- u 2-H30Mpomus-2,5-QUruypo- 
ypanbl U UCCeAOBaHbI HX MpeBpallleHuA B TeX YCAOBMAX, MPM KOTOPbIX 2-Me- 
Tu-4,5-qMruspodbypak H30MepH3yeTCA B METHJIMMKJONPONMIKeTOH, T. e. IPH 
MponyckaHuu WapOB STHX COeCIHHEHMM Hal OMTHIM KBaplleM WIM AKTMBHbIM yr- 
jem mpu 470—480°. Oxas3asocb, YTO B STUX yCOBUAX 2-aKUJ-2,5-Aurugpody- 
PpaHbI BeCbMa TslaqKO JerHypUpyiwrcsA B CooTBeTCTBy!ONIMe TOMOJOrH dypana: 


R = CHs, GiiiE, u30-C3H,. 


Sta peakiluA MpoTeKaeT MpHOAHSHTEbHO OMMHAKOBO JierkKO KaK Haj KBaplleM, 
TaK W Haj, AKTHBMPOBaHHbIM yrsiem (Ha, KBapIeM CTeIeHb KOHBEPCHH HECKOJIbKO 
HWKE) HW 39TO MPMBOAUT K BHIBOLY, YTO NeruporenusauwuA 2,0-NMrupody panos 
B COOTBETCTBYION[Me (ypaHbl HE ABMACTCA KATAIMTHYCCKOH PeakI{MeH, a MpoTe- 
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KaeT TO/bKO OJ, BALMAHHEM TemiepaTypbl, KOTOPad OJ2KHAa ObITb CPaBHUTeJbH| 
BBICOKOH. Temmepatypa B 350° eme HegocTaTouHa JIA eruqporenusalnu 2,e4 
WMrupodypakoB B iypaul. . 

Terparugzpodypanospiii unk mpu 470—480° HM Hay KBaplleM, HH Hay yrse} 
He MoMBepraeTcd HUKaKUM M3MeHeHHAM. OTOT (bakT TOBOPHT O TOM, 4TO COpasct 
BaHHe BTOPOl JBOMHOL (COMpAxKeHHOH) CBA3H MpOMCXOHT Jerue, YeM OOp a30BEl 
Hue HepBoli (M30/IMpOBaHHOH) ABOMHOM CBASH — ABJIEHHEe, KOTOPOe HaOMIOLAael} 
Cad Take B APyrux culyyaAx. ) 

CnelyeT OTMETHTh elle OMHO OOCTOATELCTBO: AIA OOPasoBaHUA ypaHOBOr} 
Apa HEOOXOJMMO TepemenleHHe TBOMHOM CBASH U3 MOMO*KeHUA 3,4 B MOMOMKEHH} 
2,3 uun 4,5. Ho Takuve CHCTeMbI JOJIKHbI HSOMEPH3OBAaTbCA B WMKJIONPONAHOBbI} 
KapOOHMJIbHbIe coequHeHuA. IlockombKy 9TOrO He HaOJOLaeTCA, MOXKHO NOMMYF 
CTHTb, UTO MepemelleHuve ABOHHOH cBA3H 3,4 M OTIeleHHe JByX aTOMOB BOJCE 
poya MpoucxosuT OfHOBpeMeHHO 6e3 TpoMexyTouHoro OOpasoBanua 2,3-NKp 
rupodypana. TakuM oOpa30M, HCCuleqOBaHve TepMMueCKUX MpeBpallleHH} 
2,5-MMrHApoypaHoB MIpHBO_UT K cseqyroulemy pesybTaTy: BoTMMYMe OT 2,ch 
AUrupoOdypaHoOB, KOTOPbie H3OMEPH3YIOTCA B aJIberusbl WIM KETOBbI pada Wy 
Knomponana, 2,5-RMuruspodypanbl Mo_BepraoTca Jerusporenusanuu B COOTBEN 
cTByloIlue (pypaHOBble CoeMHeHHA. . 1 


QKCNeEPHUMCHTAAbBHAA YACTSL 


2,5-Jluruspoypanbl, COMep2KalllWe B G-MOJOXKeHHH METHJIbHY10, STHJbHYIO; 
W H3ONpONMJIbHYy!0 PpyMiibl, OblIM CHHTe€3HPOBaHbI MO Cxeme: 3 


Gi, Di 
| | ~| —Cl | ie | ie 
Nox Ox Sor No 
IIpuoapienue 2-akus-3-xnopterparuypodypaHoB K HarpeToMy JO 1804 
200° emkomy KaJIM C HeMeqIeHHOM OTTOHKOM Nosyuarolleroca MpomykTa Waery 
TOJIbKO 2,0-HruLpOopypaubl c Bbrxogamu No 80%. Tlonyuenupie 2,5-nurngzpopyl 
PpaHbl OOaqaiu CeYIOULMMH CBOCTBaMH: i 

1) 2-merun-2,5-nurugpodpypan, T. kun. 77—78° (750 mm); n2 1,4214) 
d®> 0,8826; : 
2) 2-9Tu1-2,5-nurumpopypan, T. Kun. 103,9—104,5° (750 mm); n2° 1,4314 
d2 0,887; 
3) 2-u30nponuu-2,5-yurnypopypan, 7. Kun. 122,7—122,9° (750 | 
nie 1,434; di 08793. Ve "act aa 
IJappi 2,5-qurugpodypaHow BMecTe C a30TOM IpomycKamHcb uepes cor 
OuToro KBaplla HJM aKTHBHpOBaHHOrO Oepesoporo yrs, Harpeth 7c 
470—480°. )Kugkue Katann3aTbl, nowyyapuinecdh MpakTHueCKU B TeOpeTH 
YeCKOM KOJIMYECTBe, Pa3srOHAJMCb Ha KOJIOHKe. Bplxogbl a&-anKuIypaHoB co; 
crapiamH 90-—95%. B pesybTaTe TepMuyeckoro eruApupoBanusa Opin TO! 
JIYYeHbI B YMCTOM BHJe: 
1) a-mernadypan, T. Kum. 62,5—64° (757 mm); we Peau: ae 0,9118) 
2) a-sTHIpypaH, T. kum. 91—91,5° (757 mm); ni) 1,4404; a0 0,90Te 
3) %-usonponnsy pax, T. Kum. 107,4—108,4° (745 MM); 79 1,4445; d*00,8974, 
Muctutyt opranMuyeckor i a Jelee ees) 
Araneae pe. CCCP ee oP Tt 1668 
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XHMHA 


MW. Bb. BEPCYKEP 
K BONPOCY O CHMMETPHH KOMIMIEKCHbIX COEJMHEHMM 


(ITpedcmaeaeno axacemuxom A. A. Tpunbepeom 11 I 1960) 


CHMMeTPHA MpPOCTpaHCTBeEHHOrO PaciOMORKeHHA JIMFaHLOB BOKPyr WeHTpasb- 
foro HOHA OMpeeAeT, KAK USBECTHO, O0JIDUIHHCTBO (PU3HKO-XHMH4ECKUX CBOUCTB 
FOMILICKCHBIX COCTHHEHHH. K TaKOBbIM OTHOCATCA, HaMpuMep, MArHUTHbIe CBOH- 
Ba, ONTHYeCKAA AKTHBHOCTh, XapakTep HHpakpacuHoro chekTpa, YHCO MooCc 
\MMHHOBOJIHOBOrO (3JIEKTPOHHOFO) MOFIOWeHHA, KOJIMUECTBO H3OMEPOB M Jp. 
IpH ucCIeMOBaHHu STHX CBOHMCTB OOHapy2KuBaeTCA, YTO HAaMyulllee COOTBET- 
|TBHe C ONBITHBIMH JaHHbIMH Y OOJIBINMHCTBA KOMIWJICKCHBIX COe@AMHEHHH Movry- 
PaeTCHA, CCIM MIpeANOIOXRKUTb, YTO HX CHMMETPHA axe B CJIyYae OMMHAKOBBIX JIH- 
WAHOB HE ABJIACTCA HAMBBICIUeC BO3MOXKHOU JIA aHHOrO KOOPAHHALMOHHOrO 
‘cua ((*~*) Hw ap.). Oro NoyTBepxKLaercaA UM NIpAMbIMH deKTpoHOrpadbuyeckumu 
| peHTrenorpaduyeckHMu usmepennamu ((°-’) uw gp.). 

OTKJIOHCHHA OT HAaHBBICLUeH CHMMeTPHH, XOTA OObIUHO HM HE OYeCHb BEINKH, 
€ CJI€MyIOT HENOCPeMCTBEHHO U3 CYIMeCTBYIOMIMX TeOpHH OOpa3s0BaHHA KOOp- 
junanuonHolt CBA3H, HO HaXOJAT MPHHUMNHaNbHOe OObACHEHHE Ha OCHOBE TEO- 
AeEMbI OG YCTOHUHBOCTH HeJIMHEHHEIX MHOFOaTOMHbIX MOJIeKYyJI, MpeJloxKeHHOH 
inom u Tensmepom (8). Corsacno sTtoh Teopeme KomMviekc Tuna AB, pu Hau- 
BICLUe€H CHMM€TPMH MOMKET OKA3aTbCH HEYCTOMYHBLIM, NPHUeM MeTOJbI TeEOpuv 
pynn (°) NO3BOuIAIOT PeWIHTb BOMpOC O THMAaX CHMMETPHU, CpeAH KOTOPBIX cye- 
yeT HCKaTb JIA HeErO ycTOHuNBy!O KOHurypauntw. Takoe KayecTBeHHOe OOBAC~ 
eHHe HaGJIORaeMbIM KACHMMETPHAM» IIpaKTHYeCKH MaJIO SdcbeKTMBHO, TaK Kak 
€ JlaeT HHKaKMX JaHHbIX HH O XapaKTepe OTKJIOHCHHH OT HaMBbICIueH CHMMeT- 
hun, Hu O06 ux BemMUHHe. [losTOMy HaM pemcTaBAeTCA AKTYAaAbHbIM KOJINYECT- 
RCHHDbIM PacueT, KOTOPHIM Jas Obl MpeACTaBJeHHe O PeaJIbHOM IIpOCTpaHCTBeEHHOM 
#ACIIOJIOKEHHU JIMPaHLOB BOKPYr IWeHTpaJIbHOrO HOHA HW NpHOsMKeHHY!IO KOJIU- 
HECTBEHHYIO XAPAKTePHCTHKY OTKJIOHEHHH NOMOKeHHU JIMTaHLOB OT NMOOKeHuK 
aKCHMaJIbHOHM CuMMeTpHH. Pe3ybTaTbI TakOrO pacueTa IPpHBOAATCA B HaCTOA- 
em cooouleHHH. 

PacueT npousBoqusicd B NpHOM%KeHHH MHOH-MOHHOTO WJM MOH-MNOJbHOTO 
S3AUMOJCHCTBUA MeKly WeHTpaJibHbIM HoHOM A wu suraHiamMu B. B 9Tom 
puOsMxKeHHH NosHy1o (afMaOaTHYeCKy10) SHeprHio B3anNMogelicTBul E(R;,) B 
komnuiekce Tuna AB, c Kondurypauuei A—d* (nopepx 3aMKHYTOH OOo04KH) 
C MpOH3BOJbHbIMH MOsO%KeHHAMH JMraHjoB B MoxKHO pacuJIeHHTb Ha Be 
4acTH (C TOUHOCTbIO JO MOCTOSHHON): 


E (Ri) = W (Ri) + © (Ri). (1) 


Buecb W (R,;) — 2Heprua B38anMOeHCIBUA CiepHuecKH CHMMeTPH4HOTO OCTAaT- 
a €HTPaJbHOFO vOHa C JHTaHJaMu M JMranHZoB MexKyy coOol, a es (R;) — 
cpenHennan SHeprua BsanMoeliciBuA d-9eKTPOHOB c JiMraHtamu. AcumMe-~ 
(pus B pacnovowKeHHn sJurangos (akTvyecKH OOs3aHa HeECHMMeTpHUHOCTH 
PICKTEOHHOTO }-o6raKka d-3seKTpoHOB. TlostoMy MbI MpeANONOXUM, YTO TOVIb- 
KO TO BUMAHHeEM ctepHuecKH CHMMeTPHYHOTO 3aMKHYTOPO OCTAaTKa WeHTpaJb- 
10rO VOHA KOMMieKc nonyunJicA Obl CTPOrO OKTASpHYeECKHM C MOJOXKeHMAMH 
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juranyoB B TouKax R/.(R), oc ee) 
Yor = 0, 06 — 1, Yoo D3 oa Do5 fos 
Po2=9, Pos = t/2, Gs =™ Poo = 3/2. 


STH TOUKH, CJIETOBATeJIBHO, ABJIAIOTCHA TOUKaMH, Ye 


e ai ( 


OR; 


R; aa Roy 


Hawa 3ajaua 3akulouaeTcA B TOM, 4TOObI HaliTH PaBHOBeCHbIe MOJ102%KeHI 
nurangos Ry; 43 yCOBHA MHHUMyMa MONHOH NOTeHUMabHOH SHeprHu E(R 


oe | = (aR) om era) ee 
(aR, Ry=Ry VOR: Jpeg KOR? 7 Rp Rey 


Jina HaxoxKJeuua 3apucumMocTtu ¢ =¢({R;) Mbl NpegnomaraeM, 4TO B3aHM 
jeficrpue muraHyoB c d-3JieKTpPOHOM 


ABAACTCA MAJIbIM BOSMyLeHHeM (¢ — 3apxaA HOHA; Mepexoy, K sHranyaM-A 
JAM He BbISbIBaeT JONOJHUTEIbHbIX TpyqHocTeH). 

V pa3naraetca B pxAq no ciepHueckuM (PyHKUMAM UM B IpHONMKeHHA We 
TpaJbHOrO NOAA mpH nomomwn 5 d-dyHKunl 


Pin =F (NYT (9; 4), m == 2,1,0,—1, —2, 
JerKO MOIYYNTb MaTPHUHbIe JJIEMCHTDHI: 


6 
Ge | D4 [Amm’ Fy (R;) Merri (d;, ;) + rf Pe (RAY Ba (3, ;) ++ 


t=1 


= G mim’ Lee (R;) eae’ (9;, ;)]. 


Saecb 
1 n r 
1 
Pe 8 kf2 2 
PR) = RH \ bd tal Calyola + Re a Tar, 
0 R 
a MOcTOAHHBIe Amn, Bim WU Cmm’ BblparkaloTca Mpocro yepes Koapipan 


euTb! Kse6ma — Topyana. 

B cyyae konurypaiuu d* (WeuTpabHbld MOH Tuma Ti**) cekysapHe 
WeTepMHHAHT H3 MaTPHUAbIX ZeMeHTOB (6) MpHBOAUT K ypaBHeHuIO 5-fi cy 
meHu mo s. Ero pemenve B o6nlem Buge espa sm Bo3MoxHO. Ho moxl 
BOCHOJIb3OBaTbCA TEM, UTO B MOe TeTparoHasIbHOH CHMMeTpHM CceKyJApH 
ypaBHeHve petiaetca TouHoO. [Ipu sToM HaMHM3LIMMA ypoBHaAMM momyuaior 
Ju00 ABYXKpaTHO BbIpOxKAenHDIH E c¢ snepruel cy.=—V,,, ecru TeTpal 
HaJIbHad CHMMeTpHA OOpasyeTCA 3a CueT Y]IMHeHMA OHOH U3 Maronad 
IpaBHJIbHOrO OKTasApa (yMIMHeHHbIH OKTaI_p), MOO HeBLIpOKeHHbI A, 
9Heprvelt &3 = V2. —V>»_2, ECM 9Ta CHMMeTpHA OOpa3yerca 3a cueT yKOF 
YMBaHuA TuaronwasM (yKOpoueHHbIW oKktTa2—qp). Moxuo, jamee, uccaeqosa 
OTJeJIbHO * MOBeyeHve yposBHeli E, u Az, (B KyOn4YeCKOM None o6a cuMBaK 
cH B Ty) B NOJe MpOW3BOMbHO PaCHOJOKeHHbIX MHTaHoB. Ileppsii u3 
paciieliaeTcA Ha ABa C SHeprHeH eyo =—V,,+|V,_,|, 4uTo qaeT QnA HaHHt 
lero 3/IeKTpOHHOTO TepMa 


& = Vi, —|Vi_-4|. 


* 
To PaBHOCHJIbHO IIpeHeOpe2xKeHHI0 MaTPHUHbIMH 3JIEMCHTaMH, MpOHCXOAAWIMMH OT B 
HOBBIX (PYHKUMH PasHUHbIX ypOBHei. OHH paBHbI HY10 MA CHMMeTPHH Jo Coy BKMOUNTeb 
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ioncTaHoBKa (8) B (3) c yuetom (6) u (2) nosBomseT nosy 4HTD: 


Fo = 9, Poe Bop = Dos = Fy = Fos = 7/2, Pon =0, Py = 2/2, 
Got = 7, Po5 = on 125 Roi Ras Roe Roa, Ros = Ros: 


puyem Ros < Ro. OTCIOa BUAHO, ITO PaBHOBECHBIe NOMOKEHUA MMraHIOB co- 
BETCTBY!IOT Te€TParOHaJIbHOM CuMMeTpuH *, pH KOTOPOM sMraHybl pacmowo- 
€HbI B BepIHHaX YKOPOYeHHOTO NO OAHOK WuaroHadH OKTaILpa. DnekTpou- 
siti TepM OyyeT Ags. ToT xe pesybTAaT NOmyuaeTcn, ecm C Camoro Hayama 
MexONUT 13 YPOBHA Aog. 
| MoxkHO BbIBeECTH (QOpMyJIY, CBA3bIBaIOMIYIO pa3HOCTb JWIMH JMaronaseli 
= 2 (Ryi— Ros) © CHAOBbIMM KOHCTaHTaMM KOMMveKca., Cuntaa & MasbIM 
HapaMeTPOM, Mbl MOKeM pasoxwKUuTb LE, W vu & B pAb NO € H COXPpaHUTb B HUX 
HObKO YWICHbI JO KBapatToB BKIOUNTeIbHO. Torga ycOBHA MMHUMYyMa TIO,JI- 
ow aHepruu (3) ator 


. 2 _ BSF, (Rot) — 9F, (Roa) 
Py FRG rian CRED DIT CHEE (9) 


) 


Bech WITPUXH O3HAUAIOT poH“sBomHle; k, hu 1 — cunOBbie KOHCTAHTHI KOMIMVIek- 


ra: Rk — OCHOBHaA KOHCTaHTa ylpyroH cBa3u, A — KOHCTaHTa «B3auMO- 
eHCTBUA» JIByX COCeqmHUX cBA3eH, / — KOHCTaHTa B3aMMOJeHCTBUA CBA3K C 
IPOTHBONOMOKHOK (A uv / Manbl NO CpaBHenutlo c k, Tak YTO 3auacTy!O MOryT 
PbITb OMyueHbl). I]pH moycranopKe B (9) pa3yMHbIX 3HaUeHHM NapamMeTpoB 
selMunHa € nOoMyyaeTcA NopsgkKa 0,5, a. e. 

Ec JIMraH{bl ABJIAIOTCA He MOHAMV, a JHMMOJIAMM C J{MMOJIbHbIM MOMeH- 
fOM , TO 


" 
4 
\ 


. 2 5F4 (Ror) — 9F 5 (Roa) 
sig ayia Peon el (10) 


jaa Komnsekcop AB, c Kondurypauueh A—d* (omna d-fbipKa B 3a- 
OHYeHHOH OGosouKe d!°— non Tuna Cu) HeoOxolHMO NpousBecTu UccJe- 
WoBaHve ypoBHaA E, c asHeprne ¢ =V,., KOTOppId B KYyOMYeCKOM MOyIe AB- 
ACTCA HavHu3IIMM. YcnOBMe MHHHMyMa MOJIHOH SHeEprMH MpescKaspiBaeT u 
WJIsi STHX KOMIWICKCOB TeTPparoHasIbHy!O CHMMeTpHIO **, ONHaKO OHM MOrYyT 
NObITb KaAK YKOPOUeHHBIMH, TaK H YJVJIMHCHHbIMH OKTadA{pamu. B oOonx cyqaAx 


1 12F, (Ror) + 5F 4 (Rot) 
Bo ear ar kl (11) 
YA ; JIMraHOB-HOHOB, HU 


{ony 2h (Red -b 5Fy (Rox) 
amar ee (12) 


a muranyjos-yunonen. Ilopaqok BeJIM4MHbI UCKaKCHUA OKTAIIPa 30eCb 3Ha- 
WHTeIbHO Oosblie (~3 pa3za), 4eEM B CJlyyae KOMIIeKCOB C KOHdurypaunen 
d!, u, cmeqopaTembuo, § MOKEeT JOCTHFHYTb BeCbMa CYIeCTBCEHHOH BeJIMUMHDI. 
TUM, M0-BUMMOMy, OObACHACTCA H3BECTHOe CTpOeHHe KOMIIeKca Cu(H20)sSOz, 
y KoToporo 4 MOueKyJbI BOALI HAXOATCA Ha 3HAYMTEJIbHO Ooslee KOPOTKOM pac- 
/CTOAHHH, YM OCTAJIbHbIe JWHTaHpl. 

Jaa Kondurypamuu d? (von Tuna V*") BonHOBEIe byHkKWMM (5) LOJDKHBI 
GbITb COOTBETCTBYIOUIMM O6pa30M aHTHCHMMeTpH30BaHbl. IIpu 9TOM MaTpHuHEle 
3IEMCHTHI CeKYJIAPHOTO yPaBHeHHA BbIPaxKaloTcA JIMHEMHO Yepes MaTPHUHbIe 
anementp! (6). Komnuexcsr ABs 4 B 9TOM Cilydae OKa3bIBaIOTCA TETParOHaJIbHbI- 
MH, IIpH4ueM JIA YIMHeEHHOFO OKTadqpa 


1 _ 24 Fy (Ror) — 25 Fy (Rot) 
70 4 ay aa : ue) 


i 
] 


— 


* Qror pesyaptTaT moyTBepxaeT OOuHe BEIBOLLI padotsi (1°). 
** HenaBHo aBpTopy cTasla u3pectHa pa6ora (14), B KoTOpolH oOcyxKAaeTCAH aHaOrMuHbit 
cayuan. 
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Oyuako KoMIeKcbl THa ABa HMeIOT HaMBbICLUIe BOSMOMKHY!IO CHMMETPHA, T. €}) 
6yLyT MpaBHJIbHbIMM TeTpasqpaMu. 

Ilia Koudburypayuu d® (upe d-azpipKu, von Tuna Ni) KapTuHa Nouyuaere:) 
o6paTHoit: Komnviekcpl Tuna AB, OyayT OOazaTb HaMBbICWeHd KyOM4eCKOH CHMI; 
MeTpueli, T. €. OyLYT MpaBubHbIMH OKTa9_{pamu, Tora Kak KomMueKchi ABI 
He OyAyT O6aaTb MAKCHMaJIbHOM CuMMeTpHel TeTpasapa, a OymyT TeTparo} 
HAJIbHBIMH C MJIOCKOH CTpykTypoH KBaflpaTa. OTH BbIBOAbI MOATBEpPAaIOTC’} 
OGUIMPHbIMH 9KCIMePpMMeHTaJIbHBIMH JaHHbIMH. ; 

Heo6xoguMo OTMeTHTb, YTO NOY YeHHbIe HAMM BHIBOAbI O CHMMETPHH KOMIK | 
COB HMEIOT OOULy!0 3HAUHMOCTh, He 3aBHCALLY!O OT Mpewnomaraemoro Bua CBASIE 
B Hux. Uro Kacaetca dopmya (9)—(13), TO OHM MOrYT CIYXKTb KOMMYECTBEHHO!| 
XapaKTepHCTHKOH UCKaxKeCHHA HAMBbICWIeH CHMMeCTPHM B KOMIMIVJICKCe JIMUIb |} 
TOH Mepe, B KaKOM peasbHble CBA3M B HEM TIpHOmMxKaOTCA K 3/IeEKTPOCTAaTH) 
YeCKOH; B TOM 2Ke Mepe OHH MOLYT CJIyKUTb LIA BLIYHCJIEHMA CHJIOBbIX KOHCTAHT| 
eCJIH H3MepeHbI paCCTOAHHA MeKAY WeHTPaJIbHbIM HOHOM HM JIMraHyaMu. | 

B s3aksi0ueHHe BbIpakaio UCKpeHHioIO OwarogapHocTb A. B. A6dsosy| 
M. T. Becenosy, IO. E. Tlepauny u T. MW. Manmnosckomy 3a WeHHbIe AHCKYCCHHg 


- 
\ 
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Jloxxnange Akanemun nwayr CCCP 
1960. Tom 132, N: 3 


XHMHA 


P. H. BOJIKOB u C. B. 3ABrOPOJHHM 


KMHETHYUECKHE OCOBEHHOCTH SKU AKO®A3HOrO 
ABTOOKHCJIEHHA HW30MNPONMJIKCHJIOJIOB 


(ITpedcmaereno akademuxom A. B. Tonuueeom 8 I 1960) 


Kak ObIuI0 NOKa3aHO panee ('), aBTOOKHCIeHHe NOMMANKUNOeH30NOB, He CO- 
MepKAULMX ANKUJIbHBIX [PYM B O-MONOAKERHM APyT K Apyry, ABAeTCA CTporo 
MOCIENOBATeIbHOH peakinelt. 

| B mpogqomKenue 3TOFO HCCIEMOBaHUA MpelCcTaBAIO HHTepeC H3YUHTb KMHE- 
IMUeCKHE 3AKOHOMEPHOCTH ABTOOKHCJICHHA MOJIMAaIKUJIOCH30JIOB, HMeIOIWLHX 3a- 
MeCTHTeJIN, pacioulOx*KeHHble psOM. B KayectTBe OOBEKTOB Obl BbIOpaHbl CueLy10- 
ve coequHeHua: o-Kcuion (I), 4-n30mponus-o-Kcuion (II), 3-n30nponnu-o- 
ccnion (III), 2-n30nponusa-n-Kcuson (IV), 4-u30nponus-m-Kcuson (V), 2,5- 
quu3onponus-n-Kcuson (V1) u o-unmoun (VII). 

YcTaHOBJeHO, YTO Tp ABTOOKHCICHHH BCe€X yKa3aHHbIX YyIJIeBOTOpONOB, 
iapaly Cc OObIMHbIMH MpoOyKTaMu (CNMpTaMM, Ke€TOHAMH, KMCJIOTaMH H T. IL.) 
Opa3yloTcA TakxKe Y-JIaKTOHbI — MIpou3BoAHble Prauya. OOpas0Banne Nocey- 
AX B YCJIOBMAX X2KUAKOMAa3HOrO ABTOOKUCJICHHA HAMM HaOwiOMaslOCb BiepBBle. 
| (I) mpu 120° B npucytctBuu 0,6 mon. % aleTaTa KOOaIbTa OKHCAeTCA 3a 
8—10 uac. na 60—70%. IIpu stom, Hapsazy Cc OCHOBHBIM MpOAyKTOM peakKIMH — 
TOJYHMOBON KUCIOTOH — oOpa3yetca 5—8% cbranuga uw 2—5% cmecu TOyH- 
OBOrO aJbseruya uw TOMMAKapOuHONa. MakcuMasibHad KOHIeHTpaluA ruypo- 
Hepekucu He MpespriiiaeT 1—1,5%. (II) o6pasyer np OKUCICHHH JOBOJIbHO C/10%K- 
yo cmecb. Ha paHHuX CTaqMAX ABTOOKHCJICHHA H3OMPONHJIbHad Ppylla pea- 
MpyeT Cc MepeKHCHBbIMU paquKaiamMu B 1,8—2,1 pasa OpicTpee AByX METHJIbHbIX. 
M3 nocieqHux MpumepuHo B 1,2 pasa merue OKMCIAETCA PaqUKa, PacnovlO*KeH- 
HbIM B -MOJIOMKeHUM K H3ONpONMIbHOH rpynne. Buuanne pasMy4HbIX PakTOPOB 
fa XO oKuceHusa (II) npuBegeHo B Ta6n. 1. Kak BuqHO u3 QaHHbix Tad. |, 
BLIXOJ, JIAKTOHOB paBeH MpuMepHo 5% OT OKUCeHHOrO yrueBoxopona. J[pyrue 
(IPOLyKTbI C ABYMA OKMCEHHDIMH Ppyilamn (alleTHs-G-OKCHM3ZONPONMJITOMY H0- 
sBb1€ KHCJIOTHI HT. M,) OOpasy!OTCA B 3aMeCTHBIX KOJIMYeCTBAX NIpH rlyOnHe OKUCUIe- 
Hua Cosee 30%. 


AVE Voamieeyes Zl 4 
ApTookucaenve 4-H30NpOnH-0-KCHJIOWIA 


BsaTO Ha MOJIb CoctaB peaKIMOHHOM Maccbl Mocse BOCCTAaHOBMEHHA 
yruespozopoya mepekuceli Na,SO,y, Mou.% 
: Kony. rugzponepe- ; : : ree 
li a S Ye) yepToll), Bpema, a 2 oS =o SS s Oo 
Sales = yac (nox uepToii) 4 a 5 EAS eameae Bi. longa 
oe = Icomp, © 9 s = aes = Seuss 
mo a BO & econo Q a. c 54 =| 
x o ox ) EES =ae) BS me 
3g Biigecal £2 ofoe eseaosmienes 
aS Es man Bee, | mete, oss Be [Hoge 
| 
1 10 da 420 |8,4/1; 18,0/4; 16,5/6] 66,4 14,1 6,3 Bs) 6,0 1,0 0,7 
2 6 3,0 410 | 12,5/2; 29,0/6; 23,0/9) 51,2 22,8 6,9 41,5 2,5 De 2,9 
3 4 oO 140" 19, 4/45) Mo 1/2 82,8 14.3 0,2 1,9 3,2 0,6 = 
4 6) h, 100 | 5,3/3; 12,0/7; 16,3/10) 71,8 13,8 _ 2,3 3,6 0,5 = 
| 170 — 110 |7,0/1; 4,02; 1,2/4 21,5 24,6 210 slips 6,2 4,1 5,6 


Tl pumeuanne. B onpite 5 npumensasca alletar KOoGambTa. 


Sai 
so 
pes 


Han6onee MHTepeCHO NPOTeKae? ABTOOKHCIEHHE yIJIeEBOLOPOAOB (III) —(VI1)f ! 
UMCIONLHX PaCHOJOKEHHbIe PAOM METHJDHbIC M USOTIPONHbHbIe rpynnbt. B Upuip 
III) — (V) 


CyTCTBHM pe3HHaTa maprania ( 


Mor. Yo 


A 
20 


10 


30 


20 


M) 


0 
Puc. 1. KuuneruKa HakonmeHHisa mpodyKTos 
oxucuenua V (A) u IV (5): 1 — xucnotp, 
2 — oOmee KOJIMYeCTBO JaKTOHOB, 3 — TpH- 


MeTHadTaiuy, 4— kKeToHbl, 5 — nepBuuHble 
CHHpTbl, 6 — TpeTHUHbIe CMpTbI, 7 — ruyzpo- 
mepeKucH 


Bosfyxa | 1/MuH. CocraB Mpozyktos oKucnenua (IV) nu (V) gaa HEKOTOPBI? 
OMbITOB MoKa3aH Ha prc. | u B Ta6m. 2. 3 sTHX RaHHbIX BUAHO, 4TO aKTO! 


AptookucsenHe 2-va0nponud-n-Kcniona mu 4-M30mponMa-m-Kcniona 


OKHCJIAIOTCH OUCHb MEVJICHHO/E 
IIpumenenve B KayecTBe HHHWMAaTO'R 
poB aleTaTa H H3OMPONMJITONy Hat 
KOOaIbTa NMO3BONHIO SHadHTebHdh 
YCKOPUTb OKHCJIeHHe, OHAKO Haty 
[IpaBuTb mpowecc B cTOpoHy pep 
UMYULeCTBEHHOFO OOpasOBaHHA PULPOlp 
mepekucell He yalocb, HOO NocaTen\h 
Hue B IpHcyTCTBHM comeH KOOaIbTa 
oueHb Opicrpo pa3uaraiorca. (VI 
c6 mr/MOJIb pesHHaTa MapraHila } 
10 mr/MouIb COMbI yalOCb OKMCJIAT 
np 110° 3a 7 wac. fo KOHWeHTpatt 
HU rugpomepekuceh 10%. 

Ecamu po (Il) u30nponmusabyas 
rpytima okucsmetca nouTn B 4 pass 
Jierue, YM MeTHJIbHaa, TO B (IV) Hh 
(V) u3-3a IpocTpaHCTBeHHbIX 3aTpy} 
HeHHH OO6ULad CKOPOCTb OKHCJIEHHS 
o6euX PaCHONOXRKeHHbIX PAOM PpyMl 
Jmmb B 1,3—1,7 pa3a NpeBpiilae’ 
CKOPOCTb OKHCJICHHA OTeIbHO CTO 
mleH MeTHJIbHOH rpynnp. Mutrepecuc 
OTMeTHTb, 4TO f-KcHION pu 120) 
OKHCJIMeTCA BCero JIHUIb B 1,3 pases 
xyxe (IV). (CoorHomenue cKopocter 
YCTAHOBJICEHO IPH COBMeECTHOM OKUHC} 
JeHuu yraeBogzopoyos.) Ha puc. 
mpeqcTaBsieHa KMHeETHKa MpOmyKTOH 
OKMCJI€HHA 4-H30NponHJ-M-KCHIONE 
(V) mp 130° B npucyteTBun | Moa. %} 
M30NponNTOMyHIaTa KOOaIbTa | 
CKOPOCTH BBeweHuA BO3LyXa | a/MuF} 
u 2-n30nponnu-n-Kceusona (IV) mpr 
160c 1 mon. % w30nponuaTomyH 
Java KOOasIbTa HW CKOPOCTH BBEeHHS 


Ta6muma 2 


o 
OF BuIXOZ MpOAYKTOB OKUCNeHUA Ha BS3ATHIit 
=e os yrseECROZFOA, MOM.% a 
\o 
Rs) Konwentpanua = a 
NoNo] Gx T-pa, | rupponepexren, S) ie 1 ® os a eee ag 
=r || OS °C % (Haq yeproi), | 3 a Ba Ox = 510 as 
aS BPeMA, wac ay ae z Sener | ees a5 Sc. Be) 
o=3 (nox, uepToii) as aie 2 ORS =a =O Ox EES 
ene m3) os = oN Ke) ea Gs as nies 
RES os 25 as iS) Sai ow LO Exa| oon 
ome) oF ey as UES 25 a6 OHS | cae 
Meas A» as Ale EES HE es zee a Be 
1 BO Pl GS Bhs ype 24 4,8 0,8 8,3 2 7 
2 | 0,6 | 440 | 2.0/4; 3,8/3;'1,6/9 o | 40 | 2% | 95 | fo | a5 | ae | ee 
3 115 115 |1,3/4: 1.7/6: 0,5/14 |] 44 12,6 3.0 | 25:8 2.7 44 3.3 | am 
Ae}: 4,05) $25) Ogi RKO oe mee 2 54 foods") eS 2 OT 4 Be 49 ae 
5 1,0 160 | 0,3/1; 0,4/3; 0,3/7 | 7,5 18,4 ioe || UAW 215 6.7 4.7 | 92470 
6 1,2 140 | 0,4/2; 0,5/3,5 3,5 15,2 40 | 24.2 3,2 5,9 44 | 39/0 


I]pumeuanua. 1. B onpitax 1—4 oxucasaca (IV), B 5—6 (V). 
focb 10 mr Ha 1 Momb pesHHata MapraHua u 3r Hal mMomb comp. 
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2. B onnite 1 6pa- 


bl OOpasyloTca CO SHAUHTebHOH CKOpOCTbIO yxe Ha CaMBIX paHHUX 
TawwAX peaKILHH. 

IIpu okucennu (V1) o6pasyerca Gonee 50% wmakToHoB. BricoKue BbIXOJbI 
aKTOHOB NOJlyualoTCA Tak*Ke MPH OKHCIeEHHN AMH30NpoMM-m-KcnHNONO0B, (IIT) 
(VII). Ecam Obl OKUCICHHE YKa8aHHBIX YrIeBOLOPOAOB MpoTeKaslO Kak OOBIY- 
HbIM MOCEQOBATCIbHBIN MpOWeCcc, TO, Kak JI€PKO 3aMeTUTb pu MOMOMIM KHHeTH- 
eCKUX ypaBHenuli (1), o6pazopanne CTOJIb 3HAUHTEJIbHbIX KOJIMYECTB JIAKTOHOB 
ObIJIO Obl BOSMOXKHO JIMIMb IPH TOM YCOBHH, KOra CKOPOCTh OKUCeCHHA BTOPOH 
pylmb BO MHOrO pas MpesBblillaeT CKOPOCTb OKUCJICHHA yruiepogopoma. OqHako 
CHeWMaJIbHbIMU OMbITAMH MbI YCTAHOBHJIN, YTO BEILECTBA C OOM OKUCJICHHOH aul- 
KMJIbHOH PpyNNon, pv LaibHeHWeM OKHCAE€HUM KOTOPHIX MOFVIM Obl MOMYIUTLCA 
J@KTOHbI, MeHee PeaKIMMOHHbI, 4em yrueBogopogx. Jlo6aBKu k (IV) quMmeTuJ-n- 
KcusIMIKapOvHosa (VIII); 2-anerun-n-Kcusona (1X), cmecu n30nponus-n-Tony- 
MJIOBbIX KHCJIOT MW JPyrHX NPOLYKTOB, BbIJeICHHbIX U3 Pe€aKILMOHHOM Maccbl, HE 
|YBEIMUNBaIOT 3aMeTHO BbIXOJa JIAKTOHOB. 

Oxucuenne cmecn (VIII), (1X) a n-Kcunona NoKa3a0, YTO CKOpocTH OKHCIIe- 
HMA STHX COeMHEHHH OH3KH. Kpome Toro ObIIO 3aMe4eHO, YTO BbIXO JaKTO- 
HOB He BOSpacTaeT CHMOATHO KOHILEHTpalun ruqporepeKucen, 

Bce n3u10%KeHHOe NOSBOJIAeT CUNTATb PaBHOH MpHYMHOH OOpas0BaHHA BbI- 
COKUX BHIXOJOB JaKTOHOB HaJIMUNe H3OMepH3alHH CBOOOLHEIX paluKaJioB. 
Hanpunmep: 


Ace \\ cH; fn CH,O, fone 
() (CH) OM eK ( Gates ‘ lc JC (CH3),02H wh [ on 
n=1 unu 2 Be 


IlockoubKy payqukas OeH3ubHOoro Tuna (A) NpakTuuecKu He MOKeT OTOP- 

BaTb aTOM BOJOPOa OT OKPyKalOWlMX MOJeKyJI, TaK KaK NMOCIeHAA peakuuA 
| [it MOQOOHEIX pauKaoB uget B 10°—10° pa3 MeqeHHee NpHCcoemMuHeHHA KUCJIO- 
| poma (?), TO MouTH KaxKAbIN akT H30MepH3alluu NpHBeLeT K OOPasOBaHHtO TIpo- 
| RYKTOB C J[BYMA OKHCJICHHBIMH COCeEMHHMA rpynmamu. 
Kpome mpou3pogqupx 3,3-qumetundtaiuga, mpu oKxucnenuu (II])—(VII) 
| MOJyuaroTca TakxKe Jpyrne BelllecTBa, XHMHYeCKHE CBOHCTBA KOTOPbIX HJeCHTHY- 
HbI CBOMCTBaM (PTaIHAOB. BuleUTb UX B BUC HHAMBULY a bHbIX Coe MHeEHHH HaM 
He yalocb. OHakO HECOMHEHHO, YTO 3TH BEILECTBA NOJYUYMJIMCb 3a CUeT ABTO- 
OKMCJICHHA JBYX COCEHUX AJIKHJIbHBIX TPyN, Tak KaK pH OKHCJIeHHM ULes0U- 
HbIM KMnQO, oun Jasu 4-mMeTuJi-o-rameBylo KuCMOTY. CoequHeHUA JIaKTOHHOTO 
| THA MOY YM MBI UMpH aBrookucsenuu (1X) c BEIxon0mM 20—28% Ha OKHCJIeH- 
HbIM TpPOykrT. 


QIKCHePpHMECHTAALBHAA WACTSH 


Vs0nponnJKCHJIObI MOJyUaHCb aKUJMPOBaHHeM COOTBETCTBYIOWWMX KCH- 
JOJOB WponuseHom B IpucytTcTBHH BF; -H;PO, wim u30NponHJOBbIM CIHPTOM 
B IpucytcTBun 85% H,SO,. (VIII) nonyyanca no [punpapy u3 2-6pom-n-Kcu- 
moma, (IX) CHHTe3HpOBAaJICA H3 N-KCHJOJIa M XJIOPUCTOFO alleTHJIa B IpMCyTCTBUM 
AICl;. Ucxogupie KCHsIOUIbI Ob XHMMYeCKM UYMCTHIMM MpOaxKHbIMM Mpenapa- 
TaMM. YIJeBOMOPOALI TULaTeJIbHO OUMULAIMCh peKTH@UKalNeHh Ha KOJIOHKeE B 
25—30 T. T. H MM@JIM KOHCTAHTHI, COOTBETCTBYIOUMe JIHMTepaTyPHbIM JaHHbIM. 
(VII) npumenssica B Bue CMecH u30MepoB, cofepxKanleH OKONO 40% o-WHMovIa. 

ABTOOKHCJICHHE MPOBOLMMOCh Kak W paHbille (1), HO JWId ONlpeqeeHHA KOJIM- 
YeCTBA BbIJEIAIOULEHCA BOM Oblia IpHMeHeHa rpawyupoBanHas NoByuKka. Ilo 
XOLy peak OTOUPasHCb MIpOObI, B KOTOPBIX OMpeseAOCb CoMepxKaHNe FuApO- 
mepekuceH, KHCJIOT, M€pBMYHEIX H TPeTHYHbIX CMMPTOB, HeMpeWeJbHbIX, KETO- 
HOB, K€TOKHCJIOT HM aKTOHOB. OnpeseseHue JaKTOHOB OblJIO OCHOBaHO Ha TOM, 
YTO WEOUHbIC COM MOY UAIOULHXCA MPM OMbIICHHH OKCHKHCJIOT B KMCJOH HJM 
jaxke cia6oueiouHOl cpewle pw HarpeBaHHH KOJIMYECTBEHHO MepexOJAT B HeH- 
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TpaubHble JaKTOHbI. (IIpousBogubie 3,3-quMeTHIpTaiuya JerkKo oOpasyi0Tcs jh 
B cla6ouleOUHOH cpene, Tamu“ uM MOLOOHbIe eMy COeAHHEHHA — B KHCJION. || 
Tpernunple CnupTbl ONpenesAucb NyTeM Aeruspaluu B MpucytcTBuu KHSO,@ 
€ MOCMeLYIOULMM THTPOBaHHeM BObI peakTHBOM Dutllepa. OcTaJbHble COeIMHE 
HUA aHaJIM3HPOBaJIHCb 10 OObIUHbIM MeTONKaM. Kora THTPpOBaHHe C HHMKATO-|f 
pamn ObII0 3aATPYMHUTEbHbIM, MPOBOLHIOCb NOTEHIMMOMETPHYeCKOe THTPOBAHHe. iF 
CocTaB H30MepHbIX H3OMPONMJITOYHOBbIX KHCJIOT YCTaHaBJIMBaJICA CeLy10-\y 
uluM O6pa3oMm. Kucaors eKapOoKCuJIHpOBaIHCb MOUTH C KOJIMYCCTBCHHBIM BBs 
XOJOM B IIPHCYTCTBUM MOpOlika Me B XHHOJIMHE, CMECb IMMOJIOB OKHMCJIAJ AChR 
pa36aBennot HNO, B aBToKslaBe BO (PraJleBbl€ KHCJIOTHI, KOTOPbIe pase ANHChH 
yepe3 OapHeBble COJIM WJIH Ha OCHOBAHHM pa3zJIH4HOH pacTBOpuMOCTH B Boge. Taq] 
KHM O6pa30M ycTaHOBsIeHO, YTO Mpu OKUCHeHuu (II) O6pasyeTca OKONO 55% 
4-v30ponu-o-TomyHOBOl KucmOTHI (T. M1. 89°) u 45% 5-H30MpoOmMs-o-TOMyUNO- fh 
BOli KucMOTHI. B CMeCH KHCJIOT, MOJIyYeHHbIX OKUCTeHHeM (IV) u (V), ComepxKUTCA IT 
CooTBeTCTBeHHO 80% 3-n30mponuJ-n-TOy MOBO KucHOTHI (T. mu. 147°) u 75% § 
4-n30Nponus-m-ToyuNOBOH KucmoTHI (T. m1. 128°). [ipumepHo Takue xe CooT- 
HOWeCHHA HMeJIM MeCTO HW M@xKLy U3OMEPHbIMH H30MPOMHJIKCHINIKapOuHOJaMH, % 
KOTOPHI€ BbIeAJIMCb M3 CMCCH TIPH MOMOLLM CJIOXKHBIX SPUPOB HM IpeBpalilasucb) 
B KHCJIOTbI WIM Cpa3sy B IWMMOJIbI HarpeBaHveM C e€KHM KasM (°). 1 
KucAOTHI BINeIAIMCb U3 PeaKIMOHHOM MaCCbI pH MOMOMM COI (JaKTOHBI} 
B cofe He pacrBopstiotca). IIpu BEI,eIeHHH JIAKTOHOB MCMOJIb3OBaJIMCb pa3sJIN4- ff 
HbI€ METOJbI (H43BCYeHHE EKO WeOUbIO, peKTHpUKalMA UM KPMCTaM3alAA). | 
Ham yylasiocb NOJYYNTb B UMCTOM BUe UM MACHTHPULUPOBATh CileLywOulHe MaKTO- i 
nbI. Pranuy(X), T. Wa. 75°; 3,3-quMetunbtranuy (XI), T. mt. 69,5°; 3,3,5-Tpume-! 
Tundtanug (XII), T. ma. 92°, T. Kun. 297°; 3,3,6-rpumetundranug (XIII), } 
T. kum. 294°, n2° 1,5280, d2° 1,087; 3,3,7-Tpumernaranug (XIV), 7. m0. 60,5°: 
3,3,5-TpumeTus-6-u30nponunpramug (XV), T. mi. 85°, T. Kum. 165°/10 Mm. | 
CmeulaHuble mpo6nt (X) u (XI) c 3aBemomo uNCTEIMU OOpa3zuaMu He Jas Je- 
mpeccuu. Crpoenue (XIII) u (XIV) zoka3aHo ux OKHCTeHHeM MeOUHBIM’ 
KMnO, 8B KMHCJIOTHI. 3,3-MMeTHJITaIMyKapOoHOoBas-6-KHCIOTa wMewa 7 
T. mi. 204°, 3,3-qumetumpTamuakap6oHopas-7-KucnoTa 185°, 4sTo cooT- j 
BETCTBYeT JIMTepaTYPHbIM aHHbiM (*,°). (XII) 6pim oKuceH a30THOH KucOTON | 
B TPHMeJJIHMTOBY1O KHCJIOTY H MpeBpatleH Harpepanuem c KOH B n-TomyusOBy10 
KHCJIOTY MW alleTOH. ' | 
CrpoeHve JHMeTHJaleTOPeHOHOB NOATBeEPXKAalocb MOyYeHHeM CemMuKapGa- | 
30HOB HV 2,4-1MHUTPOeHHJITUAPO3OHOB, TpeTHuHble CIMPTbl B YHCTOM BHI BBbI- 
AesleHbl He Obl. CTpoeHve UX JOKa3bIBalOCb TIpeBpalleHHeM B COOTBETCTBY1IO- 
LHe TPUMETHJICTHPOJIbI, KOTOPbIe MbI OKUCAIM WepMaHraHaToM B AMMeTHJIAaleTO- 
(PeHOHAI HJIH WMMeTHJIOCH3OHHbIe KUCJIOTHI. 


BopouexkcKuit Tlocrynuao 
rocyapCcTBeHHbIi YyHHBepcuTer 8 I 1960 
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Hornage Akayemun nayK CCCP 
1960. Tom 132, Ne 3 


XHMH 4 


E. T. JEHHCOB u B. B. XAPHTOHOB 
OKHCJIEHHE WAKJIOFEKCAHOJIA O30HHPOBAHHbIM KUCJIOPOOM 


(ITpedcmaeaeno” axademuxom B. H. Koxdpamoeseim 28 I 1960) 


l'a3sopoe MHMIMHpOBaHHe peakIH 2WuKOasnoro OKUCIeHHA MIpeqoKn 
4 ocyulecTBu H. M. Omanysub c corp. (*~*). Hacrosmaa pa6ota nocBalena u3y- 
/{eHMIO OKNCIEHHA WMKJOreKCaHOsa O30HHPOBaHHbIM KucMOpogoMm. Pesy.bratel 
|paOoTL! NpoOHBaIOT CBeT Ha MeXaHH3M 

HOKUCIEHHA O30HOM aslucbaTHuecKUXx Co- Ta6auna 4 
/C,MHEHHH B XKUAKONM case. Bplxoq MpoxyKTOB HM BOBMeUeHMe KUCMOpOna 
OnpiTl IIPOBOAWJIHCh CJIELyIOULMM pW OKMCJe€HHM IWHKJIOreKCaHOa O30HOM 


f oOpasom. I|uKsoreKcaHou B KOM4eCTBE 


b 25—30 Mul OKHCJIAJICA B CTEKJIAHHOM pe- CoctaB MpoxyKTosB abi Bosuse- 
| akTupe pu OapOoTHpoBaHuu KUCMOpO- — T-pa, | _ OKMCMEHHA, MOM | ayuTon] ONME 
| aa, comepxamlero 0,3-+0,03% o30na, co °C eitho- | iaen | Smee 
| nlepe- o nora. 
) CKOPOCTbIO 6,7+0,7 m/sac mpu Temme- Kucp | KeTOH sia mostra 
i parypax 50—100°. Ilo xogy oxucmenua 
OTOUPaIUCh MpOOb! OKNCJIEHHOFO WHKJIO- 50 | 51 | 64 | 36 | 437 |—0,04 
TeKCaHOJIa HU aHaJIM3MpOBaJIHCb Ha CO- GO | 49 uj Wop ae tie) Ors 
AepsKanue WAKsOrekcaHoua, Mepekucn, 70.) 78> | SPS eA Onn Ons 
KucuoT u acpupos. Ilo xogy onpita cucTe- 80 a as a te aie 
4 ’ 
MATHUECKH ONpeeANaCb KOHILCHTP alla 9 | et | s3 | 17 | 333) 4243 


|'030Ha Tepe peakTOpom H Mocvie Hero Ip 400 | 69 69 34 | 290 1°25 
momouju KJ. B pesysbratre OKMCJIeHHA 

OOpa3ylOTCA WHKJIOreKCaHOH, MepeKuCb BOMOPONa, ALMMMHOBAA KUCJOTA H CIOK- 
HbIe Spupbl. KuneTHKa HAaKOMMJICHHA WHKMOrekCaHOHa HW MNepeKHCH B Hauyawie 
peakiuu Upamovuuelina, Ha 3HadHTebHOH riyOuHe OKuCeHuA (~10%) KonTeH- 
TpallMu KeTOHA H MepeKHCH MpOXxosAT ye- 
Ta6suna 2 pes MakcumyM. Bao. | tpuBenenbi JaH- 

OR a on aatoreia maaan eee Mee MpOLyKTOB Mocuie 2-4aco- 
ba SOR een IUMKJIOTeEKCaHOJIa OSOHOM Boro ECE a Or TEPMHYECKOTO OKHC- 
enua pu 120° cocraB MpoxyKTOB 030- 


Vy HMPOBAaHHO"O OKHCJIEHMA OTJIH4AeTCA BbI- 

BrP (tare Os bae- My We COKUM COJlep%KaHHM KHCJIOT MH SPHpoB 
na a ¢ (10—20% smecto 1—2%). Comocrasue- 
poe ae HHe KOJIMYECTBA MOPJIOWLeHHOTO O30HA C 
cofepxKaHHemM KHCOpoya B MposyKTax 

50 | 44 0,0 | 4,1 |0,003 | 370 OKMCJIeHHA MOKasbiBaeT (Tad. 1), 4TO 
ee ee | ee mpuH 50° Kucopoq He BOBJeKaeTCaA B 
op "i a ae nes 5 OKMCJIeHHe, a Tipu Oowee BbICOKHX TeM- 
90 | 23 12 | 10 10,016] 620 NepaTypax mpoucxoquT ero HeCOMHEH- 
100 | 27 16 16 {0,025 | 640 Hoe BoBNeyeHHe B peakiuio. IIpu pac- 


yeTe peANoMarasoch, YTO H3 TOF JIOWLCH - 


HOFO 030HA B MpOAyKTbI OKUCJIEHHA MepexoAAT BCe TPH aTOMa KHCJIOPONa. 
Bopseyenue KUCMOposa B peaKUMIO yKa3biBaeT Ha WenHOH MexXaHH3M 
okucnenua. Jia MpoBepkKH ZTOTO MpeANOOXeHUA ObIIM MOCTABJEHDI OMIT! 
¢ BBeJeHHeM MHTHOUTOpa — rHApOXWHOHA —B peaKIMIO OKNCJICHHA. [uypo- 
XWMHOH, BBeeHHbI B KonHuecTBe 10—40 MMosb/i, TOPMO3HT OKHCJIeHHe 
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HK sIOTeKCaHO/Ia O80HHPOBaHHbIM KucOpogzom. IIpu 50— 60° tTopmoxeHnue |} 
HerouHoe, IpH Govlee BbICOKUX TeMMepaTypaxX peaKUMA TpakTH¥ecKH OCTA- |} 
HaBsIMBaeTCA Ha HekoTopoe Bpems (puc. 1). ComocTaBmeHve OKUCIIeHHA 030~}§ 
HOM C TepMHYeCKMM OKMCJIeHHeEM TOKa3aJi0, YIO WHTHONTOp B OCHOBHOM ji 
pacxoflyerca 10 peakituH c o30HOM. IlosToMy CKOpocTbh ero paCxoOBaHux jf 
HHKaK He MOXKeT CJY2KUTb KpHTepHeM CKOPOCTH HHMIMHpOBaHvA Wer;leH. 
OnbiTbl C BBeJeHHeEM HHTHONTOpa XOTA MW MOKa3bIBaloT HaHUve WenHOTO Me~(l} 
XaHH3Ma, HO OHM He OTBCYAIOT H& BOMpOC: OKUCIAeTCA JIM BeCb IMKJOPeKCa- > 
HOJ| WeNHbIM IyTeM WIM TOJIbKO HeKOTOpad ero yacTb. PasoOpaTbca B 3TOM), 
BOMpoce MOMOraloT pe3yJIbTaTbl HaweH paOoTbl MO TepMH4YeCKOMy OKUC-|§ 


JIGHHIO ILMKJIOTeCKCaHO Ja. Ckopoctb wenHou peak) J 


ko = 
WH OKUCJICHUA paBHa:vy = Tae [RHI V W,,. 


rie KoHCTaHTE! ky HA ke OTHOCATCA K peaKk-[h 
unam:RO, -+ RH u RO,-+ RO, coorTpercTBeH—6 
HO. OHeprHa aKTHBalluu JIA CKOpocTHf 
vE = E,+4/,£) > E,= 7,7 kkan/Monb. JiGae 
NyYCTHM, YTO WHKJOPeKCaHOJ] OKHCJIAeCTCA TOJIb—fh 
KO wenHbim mytem. M3 onmbita u3BeCTHO, UTOF 
mpu 50° v= 11-10°® Monb/n-cex, a npn 100° 
v = 27-10% monb/n-cex. Takomy H3MeHeHHIO 
v ¢  TeMNepatypoH cootsetctByeT FE =: 
= 4 KKaJI/MOJIb, B TO BP€MA Kak OJDKHO ObITb. 
E>7,7. Takum o6pa30M, BOBJIeyeHHe KHCJIO-~ 
powa B OKHCJIeHHe MH 3aMefieHve peakUHH MArH-f 
ONTOPOM YKa3blBalOT Ha WenHOH MeXaHH3M pe- 
akUHH, a NpesioloxeHHe O TOM, UTO peakUHA 
0 TOKO WelHad, IPOTHBOpeyWT JaHHbIM M0 Tep- 
Cy Pac meeOr Cid vac: MHUeCKOMY OKHCIeHHIO ILMKsOrekcaHoua. Octa- 

uae eS eTCA JONYCTHIb, YTO WHKMOreKCcaHOs OKUCIAeT- } 
uNKaoreKcano1a osonnpopanupm © CSOHMPOBaHHBIM KUCNOPOOM TO ABYM Mexa- } 
KHcnOpoqoM ¢ BReeHHem wuru- HM3Ma@M: UWelHOMy—CO CKOpOcTbIO vy WH He-| 
6uTopa no xoxy peakywH (MomeHT Il€MHOMY—CO CKOpOCTbIO Vo,, PaBHOH CKOpO-} 
BBeqeHHA OTMeWeH  CTpeNKOH). CTH TOCTYMI€HHA O380HA B peaKTOP. Vo, He} 
“ BP ee ee ee ue ane 3aBHCHT OT Temmepatyppl. IIpu HeBbicoKHXx TeM- } 
nepatypaxX UVo,, C MOBbIIWeHHeM Temepa- } 

Typbl Vy pacter (cM. Ta6m. 2). 

TemilepaTypHoMy XOJy UV, CooTBeTCTByeT  3Heprua akTuBaunMH E = 13+} 

-¢ 2 KKaJl/MOJlb, 4TO XOpOmO corjacyeTcH C JaHHbIMH TepMnUeCKOTO OKHC- } 
JeHus. PayoM c vy 43 OMbITa MpHBeeHbI 3HaYeHHA v,, paccuNTaHHble No 


BemmunHe vy, Up 90°C wn E = 13 Kkan/Momp. Tak kak v, = ie (RH)V W,> 
=) —7700/RT V ke 
ackehe.’ == 320504" (43 ONbITOB TO TepMHYeCKOMY OKMCJIeHHIO WMKJIOreK- 
canola), TO OTCIOMa MOXKHO HalTH CKOpOCcTb MHUWMMpOBaHHA lene 
vu? Re ' Oy 5 
= BREF MW Y= 47,- OTH BeAMUMHbI NpHBeseHbl B TaOA. 2, oTKyMa 


BHIHO, TO W, = 10° mouwb/a-ceK, v= 400 — 600, c nospiueavem Temilepa- 
Typbt W, Hv pacryT. ITO MpHBOAHT K ToMy, YTO C pocTOM TemMMepaTyPpbI Vy, 
CTaHOBHTCA OosbUIe Vo,. Ecam conoctapuTb W, co cKopocTbio nocTyneHHA 
030HA B P€aKTOP, TO OKAa3bIBaeTCA, 4TO Ha HHMUMMpOBaHHe ene pacxo- 
ayetca Bcero 0,1% o30Ha, MpakTuyecku Bech O30H pearupyeT C WMKJOreK- 
CaHOJIOM 6e3 OOpasoBaHHA CBOOOAHEIX paluKaos. W, Maja oToMy, 4TO 
O30H ObICTpO BCTYNaeT B PeaKIMIO C WMKJOTeKCaHOJIOM Hu ero KOHUeHTpallua 
Maia. KoHieHTpaluio 030Ha MO2KHO OLeHHTb CwleyIOULHM o6pasom. Jlonycrum, 
4TO KosdpuuneHT TexpH Ma pacrBopeHusa O30Ha B CHupTe TaKOli 2%Ke, Kak 
y Kucnopona, 10° Mosb/a-aTm. IlapiwanbHoe japnenue Og Ha BbIxofe ua 
peaktopa paBHo 104 atm, oTkyfa [O3] ~ 10°¢ moab/a. 
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OuepruaA aAaKTHBaW WHHILMMpoBaHUA ene o30Hom E, = 2(E — E2) = 
= 2(13—7,7) = 11 kkan/Monb. CreqoBatTebHO, MHAILMMpoBaHue ene NyTemM 
paciiaqa MoJleKyJIbl O30Ha Ha aTOM HM MOJIeKyJY KUCIOpOfa He urpaerT CKOUIb- 
HWOyb CyUeCTBeEHHOH pou, Tak Kak B 3TOM culyy¥ae E, OblIO Obl 61u3KO 
K Bemmuune 25 KKaw/Mob. B xuAKOH dbase OOpaz0BaHve CBOOOJHBIX payu- 
KaJIOB MpOMCXOAUT, NO-BHAMMOMy, NO OMMOJIeKyJApHOH peakiuu O; u RH: 
RH + O;—R--+ O.+ HO-—q, gan xotopot Ey q = Q —100 +25= Q—75, 
rye Q—odHeprua pa3sppiBa cpa3u R—H. Jina unkaorekcanona Q < 90, 
orciowa Ey, < 15, uro xopowio cormacyetca c BemuunHon FE, = 11 KKan/Momb 
u3 OlbITa. KoncTaHTa CKOpocTH HHHUMMpORaHNa wWenei pu Mpesqnonomennu 
JO;] = 10° Monb/n paBHa k = 6-108 e—He/RT yj /Monp-cexk. 

Mutepecupie JaHuble, OblIM MOMyYeHbI HAMM OTHOCHTeJIbHO MeXaHH3Ma pe- 
aKILMM O30HAa C WHKsOrekcaHOHOM. IIpu BBeqeHuM HHTHOUTOpa pu 100° Ha6sm0- 
WaercH yMeHbuUIeHHe KOHIUCHTP av WHKJIOreKCaHOHA, YTO CBUJIETEIbCTBYeT O He- 
I€MHOM M€XaHH3Me B3aMMOJeCHCTBUA O30HA C WMKJIOreKCAaHOHOM (B TepMHYeCKOM 
OKMCJICHHH OH PaCxOyeTCA TOJIbKO MWeNHbIM TyTeM). CielWaJibHbl OMbIT M0 
OKUCJICHHIO IHKJIOreKCaHOHa OSOHUPOBaHHbIM KucTOpozom pu 80° c BBex_eHHeM 
MHIMOUTOPA NOKasas, YTO WMKJOFeKCaHOH OKUCJIACTCA HEILEIMHbIM HyTeM C OOpa- 
| SOBAHHEM KHCJIOT (HHTHOUTOP He TOPMO3HT peakuMI0). Bo3MOxKHO, YTO OKHCJIEHHE 
| TIpOHCXOLUT MO peakWMM O380HA C CHOJIbHOM ChopMol KeTOHA: 


ZB 
O OH Ros Po—-O COH 
<——_ —— OKO | ——— 
H C—O COOH 


H 


B peakiuu OKMCIeCHMA WuKOreKcaHoula npn 80° MakcuMaJIbHad KOHWeHTpalna 
Kerona 0,75 mMowb/n, OTKya caemyeT, ¥TO 030H B 20 pa3 OnicTpee pearupyeT 
¢ WMKJIOreKCaHOHOM, HeKeJIM C WMKJIOPeKCaHOJIOM. 

Mbt BbIpaxkaem ruryOokyt0 OsarogqapHoctb B. I. BoponKosy 3a MOMOLLb B 
MOCTAHOBKe 9KCIICpHMeHTAa. 


MucrutyT xuMuyeckol (du3HkH Tocrynu10 
Akagemun HayK CCCP 22 1 1960 
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Jlokxayp Akagemun nayx CCCP 
1960. Tom 132, Ne 3 


XHMHS)\ 


H. A. KATPOCCKHH u B. A. H3SMAMJIbCKHM 


CNEKTPbI NOPJIOWMEHH SA PACTBOPOB 
JAMMETHJIAMUHOCTHPHJINPOHSBOAHbBIX AKPHMHA 
B HHTPOBEHSOJIE 


({Ipedcmaeaeno axademuxom 5. A. Kasancxum 21 I 1960) 


JIMMeTHaMMHOMpOM3BOLHbIe XHHOJIMHA HM aKpHMHa (9JIeEKTPOHOJOHOPHEIe fi 
KOMMOHEHTHI Tula A K*) MoryT OOpas0BbIBaTb OKPaLI€HHbIe MOJICKyJIAPHbIe KOM= ff 
mekcbl Tua [BK \AK] c XMHOMHMeBLIMM MH AKPHIMHMEBbIMM SeKTPOHOUb- 
HbIMH KOMMOHeHTaMH Tua BK* (1~*). YuntTeiBaa cilocOOHOCTb apOMaTHYeCKUX. 
aMHHOB J\aBaTb MOJICKYJIAPHbI€ KOMMMVJIEKCbI C HHTPOGeH30NI0M (KOMMOHeEHT BK) 
(°-7), MOxKHO OblIO MpemnolaraTb, YTO AHAMOPHUHbIC OKPAlleHHbIe KOMMVICKCEE | 
C HUTPOGeH3OVIOM JOJKHbI OOp a30BbIBaTb TAKXKE JMMETH AMM HOCTHPHJIbHbIe Mpo-— 
M3BOJHbIe AKPHAMHAa HM XHHOWMHA. C WesbIO MpOBepKU ZTOFO MpesNOMO*KeHUA Opi- | 
JIM W3YYeHbI CIEKTPbI PACTBOPOB MOJIEKYJIAPHbIX KOMIJIEKCOB, OOpasyeMbIxX pH 
pacTBOpeHHu B HUTpOOeHsOIe paga KoMNOHeHT AK,— AK, (I—V) — anrul- 
POOCHOBaHHH MpOHSBOAHbIX akpHyuHa (Tabu. 1**), 


AK, (1) AK, (itl) 


Hs 
po—K Nes Ay 
cf NMe, 
HW 


AK, (lV) 


AK, (V) 


Tima cypura papnopecud AK + BK=[AKOBK] B cropony Komnuexca 
MbI IPpHMeCHAJIM B KayeCTBe PpaCcTBOpHTeIA HHTPpOOeH30N (BK) B 6ombUIOM y3- 
ObiTKke. Bo scex CJlyy¥anX B3aHMOeHcTBHe yKa3aHHbIX BbIWe AK-KomMNOHeHT 
c CoeHsNOz (BK) mpupoguio kK OaTOXpoMHOMY CMelLeHHIO KpuBOH anru_poocHo- 
BaHHA, YTO Mbl OObACHAeM OOPasoBaHHeM B PpacTBOpe KOMMveKca. 

Bpil0 ceiaHo BeCbMa BaxKHOe, C Hallleli TOUKH 3peHua, HaOmomeHnHe: lipH 
o6pasoBpanuu KomMMmeKca CsH;NO, c 9-(n-UMeTHlaMMHOCTUpMJI)-ak pH AMHOM 


* AK u BK — cnoxuble xpoMoopHble KOMMOHEHTEI, NOCTpoeHHbIe 13 3JIEKTPOHOLOHOPHO- 
ro XpoMotpopHoro KomnoHenta A (Hampumep, NMes) HM, cooTBeTCTBeHHO, SJEKTPOHOHIbHOTO 
XpoMotopHoro KomnoneHta B (wanpumep, C= N, NOs) c xz-sneKTpoHHoit KOHDIOrHpOBaHHOii 
cuctemoi K. 

— mace M & OMpedeeHHbIe IpHOM3HTenbHO 110 U3ruoOy KpHBOH, O6O3HaYeHLI 3HAKOM ~. 
Bem4Hubl & AIA paCTBOpOB KOMIMJICKCOB ABAAIOTCH JIMIb YCIOBHBIMU BeNHYyHHAaMU (°), KoTopple 
MOFYT ObITb HCNOMb3OBaHbI AI CPaBHEHNA CTeMeHH KOMMeKCooOpasoBaHHa. 
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Aki, 1) (2, puc. 1) uan c 9-(n-qumMerujamuHocTupua)-3,4-6eH3aKpHIHHOM 
Aka, IV) (//, puc. 2) noaBusmacb HOBax MOOCa, MO d@opMe vu OGacTH MaKCH- 


400 500 ; 600 700 G00 mpe 


Puc. 1. CneKrpbl MOroljeHHA MOJICKYJAPHbIX KOMIMJICKCOB H3 
Aki, AKz u AKs c HuTpobeH3010M. HoMepa KpHBbIxX COOTBET- 
CTBYIOT HoMepaM pacTBopos B Tabu. 1. cig Need 616 My 


(¢ =29810) () 


400 300 & 600 700 600 mp 


Puc. 2. CneKTpbI MOriomeHHA MOeKYJIAPHbIX KOMMJICKCOB HS 
AKa u AK; c nuTpo6eH3020M. Homepa KPHBBIX COOTBETCTBYIOT 
HoMepaM pacTBopos B Tas. 1 


MyMa Tlopa3HTe/IbHO OM3Kasd K JIMHHOBOJIHOBOH MOsOCe U Ayaxc COOTBETCTBYIO- 
mMX KpacuTeuei (3, puc. 1 u /2 puc. 2), OOpasy!oulAxca NOCPeACTBOM MIpuCoetH- 


Henua HCl u RX kK aHruspoOocHOBaHulo HM COOTBeTCTBY!OMErO KOMIMI€KCAa MS 
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Ta6Oauna 1 


ConoctaBsieHve CMeKTpOB MOrOWeHHA KOMMOHEHT THMa AK co CHeKTpaMH MONeKY1A PHB} 
Komiuekcos Tuna [AK—BK] u cooTsercrByloulux KpacuTeJen B—K—A 


Tlonocbl no- Tomocbi 10- 
C iP Kon eee PIOULeHH A 
NoNe O6osHayeHHe MH COOTHOIMeHHE z : KpacuTensa u KOMITOHGEE 
PacTBOpHTeJIb KOMIleKca 
0.0, KOMNOHEHT MOWJIb/J 
Amaxe | maxc | Awaxc | Emaxip 
Ak, (1 C.H,OH Dre — _ 434 | 12500} 
; LAR DOER C,H,NO2 ORS 624 39 443 | 16400 
3 A—K,—B 1 C,H,OH? Ome 614 | 29810 356 | 20940 F 
4 AK, (11) C,H,OH diss - — 389 | 120804 
5 1AKs:00BK C,H;NO, 10-3 | ~585 ~10 425 | 10200 40 
6 A—K2—B ? ND ED 410 561 | 8850 415 | 123704 
7 AK; (111) CHE]; 10 — = 430) 4140 1 
8 1A K;:00BK C,H;NOz 10-3 | ~585 | ~400 450 7550 
9 A—K,—B AK, 4 40-3 625 | 2745 4h) | 8585: 
10 Ake: (LV) CHET. Oe? -- _ 416 | 17720 
14 1A Ky:0oBK C,H, NO, <2 648 20 430 | 19300 ¥ 
12 AEG Bs X98 10-2 599 | 9910 388 | 172903 
13 AK; (V) TLX9* 10-8 = = 4u1 | 25360, 
14 1AK;:0oBK CgH;NO2 10-8 | ~590 ~7 420 | 17750: 
15 A—K;—B AKG NO) At 600 38 403 | 16200 fe 


1 AK, (1)8 0,01 N HCls EtOH (?). ? Oruamepxnopat AK2? 1,2-aquxnop2ztan. * AK; (II) 
sp 0,001 N HCl sp CHCls. * Stunnepxmopar AKy. © AKs (V) B O,01 N HCl B HS 


ynomsnyTHix AK c akpuHHHeBbIM KOMNOHeHTOM BK (74). Oto yKa3piBaer Hi! 


OOpacHenve BbIWeyKasaHHOrO CXOCTBa KPHBbIX HM OONAaCTeH MOrOULeHHss 
KOMIIeKCOB Cc CgHsNOs, c akpuHyuHHeBbiM BK-KOMMOHEHTOM HU C COOTBETCTBYIOF 
IMMM KpaCHTeJIeEM MOXKHO ObIO Obl HCKAaTb B HOHH! 
3allHH TIpH OOpasoBaHHu KOMMueKca (°). Bowee Bes 
PpOxATHO Apyroe OObACHeHHe: NMepeHoc 3apaya Up 
BO3OyKeCHHH CBETOM IpOMCXOJUT He MeKy KOM 
MOHEHTaMH, OOpasyIOULHMH KOMIIeKc (7), a B OMHO 
M3 KOMMOHEHT, B aHHOM CJIlyuae AK, mpuodpera: 
rouleH YaCTHUHLIM 3apay (6*) (§) B pe3sysmbTaTe KOM4 
MJI@KCHOrO COMpPAxKeHHA («KOMMIeKCHad MmMe3z0me4 
pus») (°,1°)*. Cucrempt AKi u AKa urpator, Takum 
o6pa3s0M, B YNOMAHYTbIX KOMIWI€KCax pOJIb TrvlaB 
HOrO XpoModopHoro KOMMOHEHTA. 
ConoctTaBuieHHe CI€KTpoB pacTBopoB / u 38 cc 
clekTpamu pacrBopos 4 u 6 (Ta6a. 1, puc. 1) mo- 
Ka3bIBaeT, YTO AHEJIHPOBaHHe OeH30JIbHOFO KOVJIb- 
wa B mnonoKenHH 1,2 8B 9-(n-uMeTHIaMHHO: 
crupuu)-1,2-6ensaxkpunune (AKa, II) npusogui 
K p€3KOMY THMCOXPOMHOMYy CMeLLeHHIO KPHBOM HC 
cpaBHenuto c (AKi, I) Kak a anruypoocnosa- 
Hud (4), Tak M Aaa comm xKpacutena (6) (N-sTH nepxnopar AK2 (II). 
[IpHunHow sToro Morwio ObITbh (B pe3ybTaTe aHesWMpoBaHMA) pacceuBaHue 
appekTa conmpsaxenuA (Meso-appextTa) (18) B OCHOBHOM cocTOsHHM H TIph 
mepexofle B COCTOAHHE BO30yxKTeHUA. OfHaKkoO OCHOBHOI IIPHYHHOH cueLyet 
C4UHTATb BEIBEACHHE W3 KOMIAaHaPHOCTH JMMeTHJAMHHOCTUPHbHOH xpomodop- 
HOH TPyMNHpOBKH M 3alllTpHXOBaHHbIX YacTeH MOJIeKyJbl Ha puc. 3, Kak 
STO MOXKHO Mpequoarath NO aHaloruM Cc 6ex3s0[c|exauTpeHom (peHTreHo- 
CTpyKTypHble Januple ("4)), Otu oOcrosTerpeTBa B elle Gomee pesKOH cTenenu 
oTpasuJIMCb Ha cieKTpe pacTBopa (AKez -+ CsHsNOz): B BuyuMoli o6macTu 
CHEKTPa JIMUIb HeOOMbUIOe CMeLLeHHe KPHBOH B CTOPOHY OOubUIMX WAuMH BOTH 
(npu lge = 1 AX=+30 mu) mu xapaxTepHaa nomoca B o6nactu 600—700 MU 


* Konyenuus «KommvleKcHoit mesomepHm («KommeKCHBIii pe3soHaHc») Oba BbIABUHYTA 
SHaYHTebHO panbule Bpskmana (1) u Masauxena (22). 


* 
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towaBllaica B curyuae 2 u //) orcyTCTByeT, HMeeTCA JIMUIb HeYeTKO BbIpa- 
eHHBIM u3sru6 (5, puc. 1). 

Samena B (1) CH=CH rpynnoi CH=N B n-qusTunamunoanunaKpuyun-9- 

anbyeruge (AKs, III) mpu ofHoppemennot 3amene NMee rpynnot NEte* Bpi3- 
Ballo y aHrusqpoocnosanna (111) 6aroxpomnoe cmenjenne JJIMHHOBOHOBOM BeTBH 
KPHBOH (pu lg e = 1A = +42mn). 
_ usa pacrsopa (III) B HuTpoGens0ne Ha6smtOfasocb Mb 6aToxpomHoe cMe- 
meHHe KpHBol c usru6om ~ 590 mu (8, puc. 1). Eme B 6oee cunbHoli cre- 
NeHH MPOABHNOCb CMeIIeHHe y KpacuTeusA (ruqpoxnopuy AKs puc. 1, 9). Ana- 
JOTHYHDIC ABJICHHA BMepBbie HaOmodan A. HW. Kunpusnos (1°). Tloqo6noe na- 
OruONeHHe ObIIO cewaHO mM no3xKe (17). K comxaneHuio, u30Mep c MepeBepHy- 
TIM NOJIO%KeCHHeEM a3z0MeTHHOBOH rpynnbt N=CH spaserca Hefocrymupm, 
BCJIEACTBHe TayTOMepHoro cTpOeHHa 9-amHHOakpHyuHa. 

B cayuae 9-(n-quMeTunamuHocTupHu)-3, 4, 5, 6-qu6ensakpuguna AK; (V) 
HaJIMuve JBYX KOHJe€HCHPOBaHHbIX OeH3OJIbDHLIX Ap MpPHBOAUT K elle GOob- 
ieMy pacceMBaHulo aidekTa comps2xKeunNa. CnekTpbl aHTufpoocHopaHua u 
pacrpopa (V) B HUTpOGeH30NIe CMELIeHEI CHIbHO runcoxpomuHo. JIA moueKy- 
aapHoro kommsexca [AK; ~C,H;NO,] Ha6mopgaetca Amare ~ 590 mp, TO 
usrMOy NOUTH CoBMafawuad C Ayaxe 600 Mu mua rugpoxnopuna AK; 
(puc. 2, 14, 15). 

BecbMa Maule BesmmunHE © (2, 5,8, 1/1, 14, Tada. 1), nopanka 20 — 40, 
SHAUHTeJIbHO HM2Ke BeEJIMYMH &, HaOIOaBLIMXCA HAMM JIA pacTBOpOB KOMI- 
J€KCOB H3 &- WH, COOTBETCTBEHHO, B-HacPTHJIaMHHOB C HATPOOeH3OVJIOM (s = 1620 
u 208 coorsetctTBeHHo (7*)). Mbt o6baACHaeM 3TO HasIM4HeM B aHTHAPOOCHOBa- 


AW 84 ou 


Huax (I—V) rpynmuposku ~C = N—, IIpHBOAAWeH K yBeJIMYeHHIO conps- 


menna NMe, (B JHMeTHJIaMHHOCTHpHbHOH TpynmMpoBke) H YMeHDbIIeHHIO 
BCJIEQCTBHe STOTO OCHOBHOCTH uM cHocoOHocTu AK-cucTeMbl K B3aNMOJelCTBHIO 


¢ C;H;NO,. B Monexy ax a- u B-HadTHsaMuHoB rpynmposxa >C = N— orcyt- 


cTBYeT. Vccneqopanue BOT pOCa O BOSMO2KHOCTH 3aMECHbI B «XOHOPHO-aKHenTop- 
HbIX» KOMIJJIC€KCaAX akKPpHJMHUEBOTO UYJIM XMHOJIMHHeEBOTO KOMIIOHECHTaA HHTpoOeH- 
SOJIOM JlaJIO HOBOe JOKaA3aTeJIbCTBO, UTO TOABJIEHHE OKpackH Ilpv o6pa30BaHHu 
KOMIIJI€KCa HE CBA3AHO C aJIKOTOJIU3OM OHHEBOTO KOMIJOHECHTa H o0pa30BaHHem 
fayIOXPOMHbIX ajJlykToB c AK-KOMNOHEHTOM (O JpyrHX JOKa3aTe/bCTBaX 
CM. (eee) Ni 
Mockosckuii meqarornuecKuit HHCTHTYT Tlocrynuso0 
um. B. II. Iloremkuya 20 I 1960 
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* Mbl BbIHYXXeHbI ObIIH 9TO CelaTb LIA NOBbILICHHA PaCTBOPHMOCTH (é)s 


8 JAH, vr. 132, Ne 3 604 


Jloxnaagmn AxkayeMunu Hayk cccP 
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Axanemux HM. JI. KHYHAHL wu PF. A. COKOJIBCKHA 


HOBAA NEPErPYNMAPOBKA 
TPHFAJIOTEHOALLETTHAPOKCAMOBbIX KHCJIOT 


a-lanorenupOBaHHble FHAPOKCaMOBbIe KHCOTbI WHPHOTO PALA ABJIAIOTCS| 
MaJlO H3YYCHHBIMH COeqMHeHHAMH. OnHCaHbl JIMIIb MOHOXxMOp-(7), Muxsop-(*)P 
MoHOOpom-(!) Hw MOHOMOMalleTTHAPOKCaMOBbIe KHCJIOTEI (*). Tpuxsopanerrng pod} 
KCaMOBad KUHCIOTA BbIJeIANaCb TOJb} 


S “as KO B Bue ee COM C PHAPOKCHJIaMHHON i 
S50 cha (?). a-OropcoszepxKaulue rHypoKcamo fi 
Sz ~ BbI€ KHCJOTbI XKHPHOTO psga Heusle 
“S [i ae es ee ' 
400 Serena BeCTHBI. 

100 120 ~— “$40 vac. | 

whe? pent @Top- HW XJOP3aMelleHHble alleTruyy 

Dyed POKCaMOBBIe KHCJIOTHI JerKO OOpa3yr1orcs 


IPH B3aHMOeHCTBHM CJIOKHBIX SPUpOlly 
COOTBETCTBYIOWHX ravlOreHyKCYCHBD |? 
KHCJIOT CO CBOOOJHbIM THAPOKCHJIaMUHOM B pacTBope adcoumoTHOrO cnupTa. Tat 
KM IyTeM ObIJIM NPHFOTOBJIeHb! MOHO*TOp-, TpuxJOp-, PropAuXNOp- x Tpudrop:)) 
aleTTHAPOKCaMOBbIe KHCJIOTHI, MpescTapatoulMe coOok GecitBeTHBIe THTpOcko} 
MMYHBIE KPHCTAaJJIMYeCKHE BeULeECTBA, XOPOLIO paCTBOPMMble B BOMe, CNMpTaXx § 
KHCJIOTaX H OpaHHYeHHO PacTBOPHMble B OOJIbUIMHCTBe OpraHvyecKHx pacTBo-} 
puTesen. 
HuTepecHoO OTMeTHTb, YTO BOZHBIC PacTBOPhI TpudTopaletruzpoKcamoBor%f 
KHCJIOTbI OOHAPYKUBAIOT Pa3JIHYHY!O OCHOBHOCTb B 3ABHCHMOCTH OT CpOKOB HX} 
XPaHeHHA. OTO H3MCHEHHE OCHOBHOCTH pa3O6aBJICHHBIX BOAHEIX paCTBOPOB TPH-[ 
(bTopalleTTuApOKCaMOBOK KHCJIOTHI BO BpeMeHH MpemcTaBseHo Ha puc. 1. B cBa-i 
3H C STHM MOXKHO NpeAMOOKUTS CyulecTBOBaHHe AHHAMMYECKOFO PaBHOBecHnsy 
BYX TayTOMepHbIX PopM TpudropauetrHypoKcaMOBOl KMCJIOTHI, IpH4eM B pas-} 
OaBJICHHOM BOJHOM pacTBOpe COMepKUTCA He MeHee 37% JBYXOCHOBHOH bopMbI:} 
oa pedals sateen ec 


Lit thie 


XQ 
NH—JOH N—OH 


Hspectuo, yTo*OO/IbIIHHCTBO FUPpOKCaMOBbIX KHCJIOT, a TaKi#Ke MX Coueli HI 
AIMJIbHBIX MPOHSBOAHBIX XapaKTePH3yIOTCA CKJIOHHOCTbIO K NeperpynnuposKel 
JIoccena C O6pas0BaHveM COOTBETCTBYIONX H3OlMaHaTOB WJM TIpOsyKTOB ux| 
IPeBpallleHHH (aMMHOB, 3aMel,eHHbIX MOYeBHH, ypeTaHos). IleperpynmuposKa 
PaOTCHOSAMEMCHHBIX alleTTHAPOKCAMOBBIX KHCJIOT H3yUaaCb paHee TOJIbKO Hal 
IPHMepax TEPMH4YECKOFO Pa3sJIOKeHUA TUXJMOPAaleTTHAPOKCaMOBOH KUCJIOTHI HM ee 
GeHs0ata (2). B o60nx CIyuaAX BbIZeIHTb JMXJOPMeTHIH3O0NMaHaT HIM 
OObIYHBIE MPOLYKTHI ero MpeBpalllenuli He yyaBanocb. BuicKa3pipamocb mipeqno- 
jomwkenve (*), uTo MepBOHayaIbHO OOpas3ylollMlica M30rManaT npeppalllaerca 
B JMXJIOPMeTHJIAMUH, KOTOPHIN Aeruypoxopupyerca C BLIeNeCHHeM CHHHIbHOH 
KHCJIOTHI. 

B cBa3H C 3THM MOMKHO ObINIO Mpeqnomarath, uTo” Meperpymmuposka jpy- 
THX TavlOreHOSaMelleHHBIX AlleTTHAPOKCaMOBBIX KHCJIOT TakxKe OyneT ocyuect- 
BIATbCA 10 OOulemy THMy peakuuu JlocceHa c BOSMOXKHBIM MocAeLyIOULM mpe- 
BpallleHHeM M30 aHaTOB. | 
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C wWesbio MpoBepku STOFO NpesooKenusA usyyanoch TepMuyeCKoe pa3y1oxe- 
Me TPUXJOP- HM TpudpTopatletruAPOKCaMOBbIX KUCOT. OKa3as0cb, YTO TIpH Ha- 
‘peBaHH STHX COCAHHEHHH BbIlle UX TeMMepaTyp M1aBseHHA MMeeT MECTO SHEp- 
HYHOS PasJiO*KeHHe, MPHYeM B KayeCTBE OCHOBHEIX MPOAYKTOB peakIMH HEOKH- 
(aHHO OOpasyl0TCA TPUXJIOP- uM TpudTOpHUTpOsoMeTaH u cbopManbyerun: 


CXs — CO — NH — OH > CX3sNO + CH,O. 


JAHOBPeMEHHO C STHM HaGMIOMaeTCA BbIZeEMeHHe HEOOMLIIMX KOMMUECTB CHHMMb- 
(OH KUCJOTbI H AByOKUCH yrsepona. 

OOpasoBaHnA HUTPO3OCOeTMHEHHH Mp pasNO*RKeHUM FHAPOKCAMOBbIX KHCJOT 
aHee HE HaOOMaoch. OueBHHO, YTO B aHHOM CJIyyae, BCMEACTBHe CBOeOOpa3- 
(Oro pacnpefeNeHuA BICKTPOHHOM MOTHOCTH B MOweKyax CNomHa ranorenv- 
)OBAHHbIX THAPOKCAMOBbIX KUCJIOT MH MPOMeKYTOYHEIX NpOAyKTOB HX Mpepparte- 
iM, HMe€T MECTO MeperpyNnupoBka, OTHMAN OT peakuHH JlocceHa. MoxKHO 
lOaraTb, YTO N€pBOHAYaJIbHBIM STAMOM STOH NeperpyNnupOBKH ABMAeTCA OOpa- 
OBaHHeE MPOM3BOAHOrO «asakapOenay» (*): 


O O 
A vs: a: 

pest ae ECR Of) te HAE Ons 
&. NH—OH ON: 


‘eHep aLlHA MOcIeqHEero OOMeryaeTCA, I10-BHJHMOMY, KHCJIOTHO-OCHOBHOHM AHCCOLH- 
He THAPOKCaMOBbIX KHCJIOT: 


CHC === Cx,—CZ eon 

NH—OH NH—O 

OH * a 
CXy—CK —— = cx,—C=Nn—OH + OH 

S 
N—OH 
0 Cx} 
Ge + CX;—-C=N—OH —* CXy-C% LOCK 

ae te ae ; See) NOH 


=~ 
“Hi 


Jlanbuehwian cTaOuiu3alua «a3akapOena» OcylecTBJIAeTCA MyTeM Nepexoga 
AaTHOHA TPHraJIOreHOMeTHJIa C BOSHHKHOBCHHEM HOBOH a30T-yrJiepONHOH CBA3H 
a CU€T KOOPAMHAWHU OJHOM 3 HEMOPeCHHbIX SJIEKTPOHHBIX Nap aTOMa a30Ta: 


Co Oo 

ae 

IxgeH eC ——= Ce 
j x,C 


\6pasyioulMiica OMNOMAPHBIM HOH THApPaTUpyeTca, MpHyem MopsgoK Mpucoeyu- 
CHHA 9JIEMCHTOB BOJbI OKAa3bIBaeTCA OOpPaTHbIM HalpaBJIeHHIO, peakUHH rHypa- 
alld U301\MaHaTOB: 


XsC -N —C=O+H*t —OH> Ect han (ane 
bu H 


locueqHee COEAMHEHHe, KOTOPOe MOKET PacCMaTPHBaTbCA KaK MpOAyKT KOH- 
eHCAILMH TPHIaJIOreHOHUTpO30MeTaHa C POpMaJIbAerufoM, MpeTrepNepaer Tepmu- 
eCKOe pasJIOKeHHe C OOPa3s0BaHHeM KOHCYHDIX MPOAYKTOB peak: 


Co O 
XsC-NLCZ > x,C—N=0 +H—-C@ 
Ix H H 
O+H 
Pa3gloxKeHve TpHraslOrenoaleTrHAPOKCaMOBbIX KHCJIOT, B PesysbTaTe KOTO- 
TO HMeeT MeCTO OOpasoBaHHe TPHFraNOreHOHUTposomMeTana HM PopMasbgeruya, 
BI€TCA HOBbIM THIIOM HeperpyHNMpOBKH THAPOKCaMOBEIX KUCJIOT. 


S* 603 


DKcnepuMenHTaAbuHaar YACTH 


MouogtTopaneTrugapokcaMOBadvr KUCHOT A, K cBexe; 
IpHroToBsenHomy pacrBopy 5,0 r rugpoKcuamuna B 100 Mi Meranova MpH Me} 
PeMCIIMBaHHH M OXJI@KCHHM JOM MeMeHHO MpukalibiBainch 16,7 r MeTHJI 
bropanerara. IIpu stom HaGmogqam0cb BbIeeHve HEOObINOrO KOMMYECTBA TEM 
M peaKIMOHHAaA Macca OKpallimBasacb B cBeTIO-KeNTHIA Bet. Ilo oKOHYaHMH TIPUf 
6aBeHuA supa NepemeliuBanue Mposomkaocb eile B TeyeHve 2 4ac., MOCMM 
yero pacTBOp yMapHBaJIcA B BAKyyMe Ip KOMHATHOM TemMepatype Jo */3 MepBO} 
HauaJIbHOro OObeMa; IIpH STOM M3 pacTBOpa BbIMafal OebIM KPUCTaMMYeCKMM 
ocaqoK. OcaqoK OTPHJIbTPOBbIBaJICA, a MATOUHMK yiapMBaJIcA B BaKYyMe JOCYP 
xa. OcraToK B KoulMuecTBe 6,7 Fr 1BaxK[bI MEpeKPHCTAJIM3OBbIBaJICA H3 CyXOM| 
9THaleTaTa WU BbI,eIAIUCh Oemble KPHCTaJIbI MOHOTOpalleTTuApOKC aMOBO4F 
KUCIOTH C T. Mat. 75—76°. Berxog coctrasasaet 40%. 

Haiimeno %: C 25,61; H 4,70; N 15,35; F 20,08] 

Co.H,O.NF, Baruucneno %: C 25,83; H 4,31; N 15,06; F -20,45} 

Harpuesad Cob MOHO*PTOPalleTTHAPOKCaMOBOH KMCJOTHI MOyyalach OCaRm' 
JeHHeM H3 XOJOMHOFO MeTaHOJIbHOrO pacTBOpa KUCJOTHI IpH HEHTPaM3allUn ery 
paCTBOPOM MeTHJIaTa HaTPHA MIM EKOFO HaTpa B MeTAaHOUe. 
Haiigeno %: N 12,32; F 16,14 

Co.H302.NFNa. Buuucneno %: N 12,17; F 16,52 

PropmuxnopaneTaTruApoKcaMoBad KuCAOT A. AnM 
OrH4HO u3 4,3 r ruqpoKcuamuna u 16,5 r MeTuspTOpauxsopanerata Tow 
yanucb 10,1 r dropguxmopanerrugpoKcaMoBoH KUMCHOTH c T. Tu. 94,5—9E 
(u3 aTHNaeTaTa). Brrxon cocrapaaet 61%. 

Haiineno %: C 14,64; H 1,45; N 8,89; F 11,42; Cl 43,60 | 
Ce2H2O2NFCle. Brrmucieno %: C 14,81; H 1,23; N 8,66; F 11,72; Cl 43,85 ) 

TpuxmopaueTrugpokcaMoBax KuCAOTA. Ananorny 
HO 43 11,2 r rugpokcusamuna vu 30,0 r MerusiTpuxmopalerata NolyyanHce 
25,5 r TpuXNOpauerrnypoKcaMoBO KUCOTHI Cc T. TI. 783—79° (v3 cMecu xm0pd 
cbopm — nerponetupi acdup). Brrxoq coctapaaet 85%. 

Haipeno %: N 8,02; Cl 59,26! 
C,H2O2NCls. Barauceno %: N 7,85; Cl 59,62 1 

Hatpnesaa comb TpuxmopaetrHApoKcaMOBOH KMCAOTHI Moy yalach ocaxKa(h 
HEM U3 XOJOAHOFO MCTAHOMbHOrO pacTBOpa KMCAOTEI Mp HelTpalusanun er) 
pacTBOpOM MeTHJlaTa HaTPpHA WIM eE4KOrO HaTpa B MeTaHOUJe, 


Hatigeno %: N 7,14; Cl 52,70; C 12,33 
CezHO2NCl3Na. Brraucneno %: N 6,99; Cl 53,06; C 11,98 


Analoru4yHo Momyyalach KaJIMeBad COIb TpuxXsOpaleTTHApOKCaMOBOH KHC ‘ 
JIOTHI. ! 
Halizeno %: N 6,50 
C,HO,NCIsK. Betaneneno %: N 6,57 
TpumtTopanetrugapokcamospasa Kucaora. Ananornunt 
u3 6,4 r raypokcuamuna u 25,0 meruarpuropanerata nosmyaaiuch 19,0 | 
TpUTopaleTruApoKcamoBolt KHCJIOTEI CT. TI. 75—76° (43 cMecu xsopodopm -i 
NeTpONeHHEIM Sup), BOsroHstoMlelica pH HarpeBanuu Jo 70° B Bakyyme 15-|) 
18 mm. Bpixog coctapaaet 76%. 


Haliqeno %: C 18,86; H 1,78; N 10,64; F 43,91~ 
CeHO.NF5. Botuucneno %: C 18,61; H 1,55; N 10,86: F 44,17. 


Harpuesas cou TpuropauetruyqpoKkcaMoBolt KUCAOTHI Oy uaslach OCaKIeE 
HHe€M H3 XOJIOMHOrO M€TAaHOJIbHOLO pacTBopa KUHCJIOTHI pu HeuTpasHa3alun er! 
PacTBOpOM MeTHJaTa HaTpuA WH €KOrTO HaTpa B MeTaHoOue. 

Haiimeno %: N 9,45; F 37,40 
CeHOsNF,Na. Buruncneno %: N 9,98: F 37.75 


AnasoruuHo omyyanach Ka ] 
JH€BAA COJb TpHudTopawerruypoKke I 
KHCJIOTHI. Tea a 


Haliyeno %: N 8,52 
CzHO2NFsK. Butunceno %: N 8,38 


604 


OcHOBHOCTL TPUHTOpanetTruApoKkcamosow xKuc- 
oTb. K pactBopy Hapecku TpudroparerrugpoKcamosoit KucsoTEI (0,1—0,2 r) 

50 MJI BOJbI CNYCTA pa3IM4HbIe MpOMexKyTKH BDpeMeHH MpHOaBAIMCb 
0 ma 0,1 N pacrsopa egkoro HaTpa MH M30bITOK MOcMeqHerO OTTHTPOBLIBAJICA 
),1N comsHok KucnoTol mo Tumoudtaneuny *. Konuuecrso cpasapilelica me- 
OU, BbIPaKeHHOe B 9KBUBAJICHTaX Ha 
Ob TpudTOpaletrHyzpoKcaMoBol KUCJIO- 
rb! IpMBeszeno B Tabu. |. 


Ta6Oauna 1 


OTHOCH TeJIb- 


ia ' OKBUBAaJEHT 7 
| TepmMuueckoe pasnioxe Sa See Peony ais 
ue TPUXTOpaneTruApoKca Rg 

mOBOH KuCAOTH. B KomGy COT By | mavee-| occa 9 | Haber: | Mapec: 
fpoaHoti TpyOKoi, ocjeyqoBatenbuo coemu- SE | MA? Bead wahoo 
}HEHHOH C IIPH€MHHKOM, OXJlaxK]aeMEIM 5 ive ; Dpaleates 

JJIb1OM, HW JIOBYLUKOH, OxsaxKaeMolt CMecbIO i it a5 ion Ages 

— D "04 1706 1120 } 4524 

falleTOH — yrviekuCOTa, MOMelauCb 8,9r (f 0098 0985 ee ae 

|1puxsOpaneTruApoKcamoBolt Kucwors!. To- 8 | 0 0,915 | 1,06 | 1,04 

ceMHAA OCTOPOXKHO HarpeBasacb B BaKy- nse 0°88 ieee aris 


) 
ft 


f 
| 
i 
] 
| 
j 
( 


yme 20—30 mm jo 90—95°. IIpu 9Tom Ha- 

OM0LaNOCb SHEPTHUHOE PasJOKeHNe, COMPOBOXMaBlwleecn BbIPeIeHHeM [a30- 
OOpasHbIxX HM TBEPJIX BelllecTB. Ta3006pa3Hble BelleCTBa, OKPallieHHble B CHHHK 
IBeT, KOHJCHCHPOBAJINCb B JIOBYWIKe B Buse CHHeM %wuAKOCTH. TBepybie Bellle- 
CTBA YaCTHYHO BOSrOHAJIMCbh H KOHJeCHCMPOBaJIHCb B IpHemunke. Ilo okoHYaHHN 
pa3sOKeHHA TeMMepatypa MoOBbilwamacb Wo 140—150° u narpeBanue npogoumKa- 
| JOcb OKONIO vaca. B Kom6e ocTaBaicA CMOMHCTHIM ocTaTOK B KOsIMUeCcTBe 2,1 r. 
 Koujencat B Kouuuectse 4,6 r tpakIMOHHpOBAaJICA M BbIJeMANICA TPUXJOp- 
HATPOsOMeTaH C T. Ku. 5—7°/70 mm ud? 1,457. Burxog cocrapaser 62%. Mow. 


Bec Halen 145,0, Bpruncuen 148,4. 


Hatigzeno %: Cl 71,15 
CONCI3. Butuucueno %: Cl 7i,7i 
|B autepatype Jia TpuxXMOpHUTpO30MeTaHa UpuBogatca T. Kun. 5°/70 mM u 
d 1,506. 
| B orxogsmux ragax neperonKu TpuXxsJIOpHUTpOsOMeTaHa OGHApyKMBAaUCh 
(CHHWJIbHad KucOTa (mpoba mo GOepwHHCKOH sa3ypu) H AByOKMCb yrseposa 
_(ipo6a Ha OapuToByto Bory). 

Cy6sumart B koumuectBe 0,9 r npescraBsiasn COOK Oe0e AMOPMHOE BELLECTBO, 
pacTBopstonleeca B BOe, MEFKO HW NOJHOCTHIO BOSTOHAIOMeEeCA HW ABJIAIOULeeCA 
NapadopmMasbyerugom. Brrxon 60%. : 

Hatineno %: 1,01 SkKBuBaneHT Hosa 
CHO. Baucneno %: 1,00 skBuBaneHT Koza 

TepmMuueckoe pa3snu0KeHUe. TPHhPTOpaneTrugpo 
KCaMOBOH KuCaOTH. AnanornuHo Harpepanuem 13,0 r tTpudTop- 
alleTTHpOKCaMOBOM KUCOTHI B BakyyMe 30—40 mm jo 80—85° Bhigenavica Tpu- 
(bropHuTpOsoMeTaH C T. KH. OT —85° yo —82°. Bpixog cocrapuset 63%. Mou. 
Bec Haligen 96, BrluncieH 99. 

Hatineno %: F 57,1 
CONF3. Barmucneno %: F 57,6 
B aurepatype Aa TpudTopHUTpo30meTaHa puBosuTca T. Kul. —86°. 

B oTxoysuux ragax leperonku TpudpTopHuTpo3sometana OOHAapyKuUBaslach 

UBYOKUCb yruiepoga; B OCTaTKe OOHAPyKUBaaCh CMHHJIbHAaA KUCIOTA. 
_ Cy6umar B KomuuectBe 2,2 r aBaasica Mapadopmasbyerugom. Brrxog 73%. 
Tloctynuso : 
15 II 1960 
IMTUPOBAHHAA JIMTEPATYPA 


1L.W.Jones, F. Werner, J. Am. Chem. Soc., 39, 414 (1917), * L.W. Jones, 
M. Sneed, J. Am. Chem. Soc., 39, 670 (1917). %C.D. Hurd, The Pyrolysis of Carbon 
Compounds, N. Y., 1929, p. 673. 4H. Jl. Kuyuauu,H.W.Tamo6apan, E, M. Pox- 
uuu, Yen. xum., 27, 12, 1361 (1958). 


* TlockoulbKy cHsla TpudropaleTrHApoKcaMoBoli KHCcMOTHI He OMpeselANACh, BLIOOP HHI - 
KatTopa Obi MpOH3BoJeH. 
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Jloxaagm Axagemun nayr CCCP 
1960. Tom 132, M3 


B. H. KOCT, T. T. CHJOPOBA, usen-koppecnongent AH CCCP P. X. ®PEHJIMHA 
vw akanemuk A. H. HECMES\HOB 
FOMOJIATHYUECKOE NPHCOEXAWHHEHHE BPOMHCTOTO BOJOPOWA 
K 1-®TOP-1,1-qHXJIOPNPONEHY 


VispecTHo, ¥TO HasMune *Topa B NOMMTaNONAMeTHJIbHDIX TpyMNApOBKaXx Te-jf 
jlaeT cB13b C — Hal B Hux Oomee HHEPTHOH K TeTepOJIMTHYeCKOMYy, a TaKKe Kip 


F) K aHMOHOTPONHOH aJJIMIbHOK NeperpyNNupoBKe, MHOra HallpaBJiad ee B CTO-|P 
PpOHY, IpOTHBONOMOKHYIO TOH, YTO HaOsmMOLaeTCA B MOJMXJOPNPOHSBOAHIX. If 
IIpumep — o6pasopanue CHC! = CCl — CFs (1) u3 CHCleCCl = CCle (2) (4), § 
B Tpomecce B3aHMOelicTBHA MoceqHero Cc TpexdropucTroh cypbMOu, B TO 
BPeMA KaK B PALY NOMUXNOPNPOHSBOAHHIX OOLIMHO HaOsmIOLaeTCA H3OMePH3allHA WP 
BellecTB Tua | B BewecTBa Tuma 2. B paOorax (,°) Mbl H3y4aIM aJIJIMJIbHBIe 
meperpyMMupoBKH paAqa NoMranmousqMmponenop cTpoexuna CHe = CRCXs, 
re R=H, Cl, a°CX,=CCl,,.-CGI.F, 'CCIF,. Brio mloxasano, omc mae 
COOHOCTb K AaJJIMJIbHOH MeperpynnupoBkKe Mp MocseqOBaTesIbHOH 3aMeHe xsOpa 
B TPHXJIOPMeTHIbHOH rpynne nomMxmopnponenos ua drop pesko namaer (°). | 

B nactosuleH paOote MbI BbIABMJIM TakxKe ONpeseseHHOoe OTHE NOBELCHUA 
1-crop-1, l-auxopnponena B peaKIHH FOMOJMTHYECKOLO NpHCOeAMHEHHA NO CpaB- jj 
HeHuIO C 1,1,l-Tpuxmopmponenom. B pe3ybtaTe B3aHmMogelictBua 1-drop-1,1- i 
uxNOpnponena C OpOMHCTLIM BOMOPOAOM MIpM OcBeLLeHHM yJIbTpacbMomeTOBHIM | 
CBeTOM ObIIO Nosyyeno WBa dropxuxsopOpomnponaua: 1-drop-1,l-nuxso0p-3- § 
Opomnponan u 1-drop-1,2-qux0p-3-Opommponan B OTHOIWeHHH 2: 1. Peaxuua | 
TIpoxoquia M0 CBOOOHOpayHKasIbHOMy eNHOMy  MeXaHH3My, Ha 4HTO ff 
yKa3bIBaloT YCJIOBHA MpOBeMeHHA PeaKIMM (HEOOXOAMMOCTH OCBeMCHHA YJIbTpa- § 
CbHOJeETOBLIM CBeTOM), a TakxKe HHTHOMpOBaHHe MpucoequHeHNA HeOOMbUIMMH I) 
qoOaBkaM¥ ruypOxuHoOHa HIM aueToHa. IIpucoequHenue OpomucToro Bosoposa q 
K 1,1,1-Tpuxsopmponeny B STUX YCNOBHAX MPMBOAUT K CMMHCTBeEHHOMY IIpomyK- }} 
Ty Upucoequnenua 1,1,2-rTpuxmop-3-Opomnponany, T. €. OHO MpoxoquT c Mepe- § 
rpyMMupoBKOli B MpoMexkyTOUHOOOpasylOleMcA CBOOOAHOM payuKasle ananoruy- § 
HO TOMY, KaK ONMCcaHo panee (*) B Clyyae HHHUMHPOBaHHA peaKIMM MepeKuchio } 
OeH30MIa. 


Peakumio propquxsOpMponena Cc OpOMUCTHIM BOMOPOAOM MOXxHO H306pPa3uTb | 
cxemon 1: 


CH, = CHCCI.F -+ Br > CH,BrCHCCl,F 
CH,BrCHCCl,F — CH,BrCHCICCIF 
| HBr J HBr (I) 
CH,BrCH,CClsF + Br CH,BrCHCICCIFH -+ Br 


Takum 06pa30M, NO-BHJMMOMY, B pe3yJIbTaTe craOunusupylolero JelicrBua 
(ropa B pagqukane CH2BrCHCCleF, ckopocrh meperpynmupoBKu mocweqHero 
SHAYHTEIbHO CHM2Ka€TCA HM CTAHOBHTCA COM3MeEPHMOl CO CKOpOCTbIO peakiHH | 
ero C OpomucTbIM BOMopomom. CuenyeT OTMeTHTb, 4TO TakOe BOLCTBeEHHOe — 
pearMpopanne cBoOo,HOro paukasa (Cc NeperpymmupoBKoH u G6e3 Hee) B Momu- 
ralOWAalKHIbHOK CepHu HaOOZaeTCaA BriepBEle (cpaBHu c (4°)), 

606 


| Crpoenne nonyuennpix bropquxsopOpomnponaHos Opl0 WoKasaHo ceqyt0- 
ium OOpasom. Bo-nepBblx, 9TH COCEIMHEHHA ObIIH CHHTC3HPOBaHbI 3aBeOMbIM 
imyTem mio cxemam II uw III: 


SbCl, 
—C Cl,.FCH.CH,Br, (1) 


++ CHCIFCHCICH,Br. (III) 


CClgCH,CH,Br an SbFs3 


SbCl, 
CHCl,CHCICH Br + SbFs 


BBIXO @Topuya B peakunu II] ovenb Ma. CooTBercTBytoulne Props uxOp6pom- 
MpOMaHbl, NOJly 4eHHbIe Kak To cxeme J, Tak u No cxemam II u III, ugentucduunpo- 
BaHbI B BUC KPUCTAJWIMYECKUX NHKpaTOB UX U3OTHOYPOHMEBbIX MPOW3BOJHEIX, 
pome Toro, pu feruqpoOpomuposannu 1-drop-1, l-quxnop-3-6pomnponana 
DBI MOyyeH ucxo_ubIi 1-prop-1,l-nuxnopnponen. Jleruzpo6pomupopanuem 
l-prop-1,2-nuxop-3-6pomnponana Opi Momyyen 1-crop-1,2-4uxsopmponen-2, 
TpO€HHE KOTOPOrO ObIJIO yCTAaHOBJIEHO O30HHPOBaHNeM C NouyuenHem (Moce 
WpONM3a OZ0Hua) (OpMabAeruya u PTopxsopyKcycHok KucsoTH. Ucxoxupit 
l-prop-1,1-auxsopmponex Obl CHHTe3MpOBaH B Be cranny U3 1,1,1,3-Terpaxnop- 
pollaHa M0 HECKOJIbKO BHJOM3MeHEHHBIM MeTOAUKaM (3). 


| 


QKCNeEPHMCHTANAbHAA YWACThL 


Cuutes I1-gptop-llil~gTrpuxaopnponana ux I- T O p- 
il-qauxaopnuponenua. 1-@rop-1,1,3-rpuxnopnponan nonyueH, Kak 
omucano (?). C wWerbio TpenmyilecTBeHHOTO O6pa3s0BaHuaA MOHOTOpusa ObIIO 
J43MCHEHO COOTHOLMEeHHe pearenTos. Ha | moub 1,1,1,3-rerpaxnopmpomana B3ATO 
}0,5 MOJIA TpexTropucTok u 3 MA MATHXMOpucTOH cypbmpI. Brrxog 1-drop-1,1,3- 
puxsopnponana 45% oT Teopun. 

lerugpoxsopuposanne 1-drop-1,1,3-rpuxsopnponana mpopezeHo no onu- 
\CaHHOH MeTomuKe (*), HO B Cpee STHJIINEMOZ0bBa. ITO WaslIO BOSMOXKHOCTb KpO- 
me 1-drop-1,1,-auxsopmponena, KoTOppI MomyyeH Cc BEIxoq0M 59%, BbIMeMTb 
l-prop-1,3-quxopnponen-1 c Brrxonqom 10% or Teopuu, c T. Kun. 89—90°, 
nm) 1,4350; d2° 11,3219. Jlureparypueie gannere (*): T. KUM. 88,5—89,5°; 
m2 1,4310; d20 1,3186. [Jukpat usoTuypoHuesoro mpoussoguoro T. na. 176— 
|177° (43 BoqHOoro cnupta). 


Hatizeno %: N 17,31; 17,51 
CyyHgFCIN;O7S. Burancneno %: N 17,30 

IlpucoeqauHeHue OpOmMucTOroO BO,OpOoda Kk 1-MrTop- 
ll-aqauxaopnponeny. Uepes 50 r dropzuxsopnponena, nmomemexHoro 
B KBaplleBy!0 NpoOupky, pu ocBewlenuu siamnon IIPK-4 nponymen ToK 6pomne 
cToro Bomopoga B Teyenne 10 yac. IIpoxykT peak MpoMbIT COAOM, BOOM Mi BbI- 
cyllieH Hay XJIOpucTHM KanbiHem. [Ip meperouke BbI,eIeHO Ba NpoxykKTa Upu- 
COeMHEHHA. 

Tleppuii mpogyxt: 1-drop-1,l-quxop-3-6pommponan (32 1r) c T. KAHN. 
69—70°/70 mm; 136°/760 mm; 12° 1,4630; d2°1,7307; MR waliqeno 33,43, BBIMHCIeEHO 
33,45, 

Hatineno %: C 17,29; 17,16; H 1,94, 1,93; F 9,76; 9,81 
CgH4FCl,Br. Brraucneno %: C 17,16; Ele 92° F 9,05 
Tluxpat usoTuyponvesoro mpou3Boguoro T. mi. 164° (us ciupta). 
Haifizeno %: C 27,36; 27,35; H 2,28; 2,24; N 16,06 
CipHipFCl2N;07S. Brrancneno %: C 27,66; Jal Dee N 16,13 
IIpa gerugpo6pomupopannu atoro dropyuxsopOpomiponana  meoubI0 
B STHMMeNNO30NbBe pH O° c BEIXxoJoM 60% oOpasyeTca ucxo_HEIH 41-crop- 
1,1-muxnopnponen. 1-@rop-1,1-nuxs1op-3-6pomuponaH, CHHTeSHpOBaHHbIH 
3aBeMOMbIM yTemM peakuuel 1,1,1-rpuxmop-3-OpommponaHa;* © Tpex- 
(ropucroi cyppMoii *, umeer T. Kum. 136°; np 1,4630; dj°.1,7295. [uxpar 

* B mpomecce d@ropupoBanua o6pasyetca Taxxe 1,1,3-rpuxaopmponen-l. Ilia BbiqenenHn 

1-hrop-1,1-qux10p-3-6pommponaHa cMecb ObIa OOpaboTaHa OpoMom, moce vero MerkO MOCTH- 


rallOCb pa3qeleHHe MpoyKTOB Mp dpakuMoHMpoBaHHn. 
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ero W30THYpOHHeBOrO MpousBoyHOrO YulaBuTca pH 164°. CmemaHHaa mpoo. 

o6ouX MMKpaTOB He NoKasbiBaeT lellpeccHH TeMNepaTypbl MlaBJenHs. 
Bropo# mpoxyxt: 41-drop-1,2-quxnop-3-Opomnponan (15: fr) ¢ -T. «Ki 

72—73°/40 mm; 161°/760 mm; np 1,4870; d;° 1,8200; MR uaiizeno 33,17 


BbIUHCeHO 33,45. 
Haitgeno %: C 17,18; 17,04; Hie 872) 15828 18:99; 9520 


C3H,FCl,Br. Bpraucneno %: C 17,16; ha e922 F 9,05 
uKpaT H30THypOHMeBoro MpousBogHoro T. nu. 171° (us cmupta). 
Hatineno %: C 27,34; 27,39; H 2,29; 2,19; N 15,98 
CypHipFClpNsO,S. BarancsaeHo %: C 27,66; Hie? 32: NPG IS 


IIpa jeruspoOpomupospanuu sToro dropyxuxuop6pomnponana esOuUbIC 
B STUMMemO30IbBe upu 0° c BEIXOOM 54% MosyyeH 1-dbtop-1,2-quxJOpmpo- 
meH-2 c tT. Kum. 84°; n 1,4290; di? 1,3214: MR uaiigeno 25,10, sBprauc- 
meHo 25,22. 


Haiimeno %: C 28,31; 28,25; H 2,42; 2,50 
C3HsFCl,. BrrucieHo %: C 27,93; lel ee 
Iluxkpat u3oTuyponuesoro mpon“sBoquoro 7. nu. 160—161° (npn 149° 


TEMHEET). 
Hatineno %: C 29,86; 29,95; H 2,49; 2.47; F 4,57; 4,56 
CiyHgFCIN507S. Brrancueno %: C 30,19; Fe 2228; F 4,77 
IIpu o30HMpoBaHHu 9TOTO (PTOpAMXJOplponeHa c MocIesyIouluM pa3Jio- 
2KCHHeM O380HHJa BORO BbI-eeHbI: PopMaJibjerHy B Buse ero AHMeOHO-. 
BOrO NpousBosHoro c T. mu. 189°, muTepatypHbie jaHubie (7°); T. no. 189°) 


i 


dbropxmopykcycuas KucsoTa c T. Kun. 162°, n> 1,4090, mmtepatypuble qaH- 
uple (1): tr. Kun. 162°, n> 1,4085, Koropad uwepes xmopanruapua mpeBpa-: 
mleHa B aHWIMy KucMOTHI c T. MI. 86—87° (H3 remtaHa). 


Harpero %=2 CSI, 3le SI6325 0 3.8928 s, Oren One mal Onli 
C,H;FCINO. Bprucseno %: C 51,22; eoao: Jer HL) 


CmemianHad mpo6a c aHHJIMJOM, TOJyueHHbIM M3 3aBeqomMol (dbTopxJop- 
yKCyCHOM KHCJIOTbI He NoOKasaJia Jelpeccnu Temiepatypbl MaBseHua. 1-PTop- 
1,2-uxJlop-3-OpoMiponmaH, XOTA C OYeHb MaJIbIM BbIXONOM, NOJyueH TakxKe 
3aBeJOMBIM IlyTeM — peakuwei 1,1,2-rpuxnop-3-6pommponaua c Tpexdropucroi 
cypbMoli u ume T. Kun. 161—162°; n> 1,4860; d;° 1,8194. TIuxpar ero 
M30THY pOHHEBOFO IIPOH3BOAHOFO IaBuTca MpH 169°. CMemianuaa npoba o6oux 
NMKpaTOB He WOKa3sbiBaeT elpeccHu TemMepatypb! MWiaBJieHua. 

IIpucoequneuHue OpomucrToro Bpogopoga kK 1,1, 1-Tpuxaso0p- 
mponmenuy. Ombir mpopeyeH Tak %e, Kak B cayuae 1-prop-1,1-quxnopmpo- 
meHa-2, IIpu stom u3 50 r Tpuxsopmponena pv HacbIleHHH OpOMMCTHIM 
BOJOpOqOM B TeyeHHve 2,5 uac. MH COOTBeTCTBYIOWel OOpadorku u MeperouKH 
nomyueHo 68 r 3-6pom-1,1,2-rpuxopnponana c T. kun. 84—85°/16 mM; 


np 1,5295; d,° 1,8390. JIureparypxpie qanupie (4): 7. Kum. 75 — 75,5°/9 MM; 
n®® 41,5290; a 41,8322. 


VucTuTyT S/IeMeHTOOpraHHuecKHx coequHeHnuit Tloctynusio 
AkayemuH HayK CCCP 24 II 1960 


WMTHPOBAHHAS JIMTEPATYPA 
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Joxnann AKkagemun nayrx CCCP 
1960. Tom 132, Ni 3 


XHMHA 


MW. HW. KYXTEHKO 


MCCJIEMOBAHHE MEXAHH3MA AHTPAHWJIOBON 
NEPETPYNMUPOBKU C MOMOLMIbIO H30TONA KUCJIOPOA 028 


(IT pedcmaenexo axademuxom B. A. Kasancxum 20 I 1960) 


IIpu 2evicTBuH BOJOM WLeOUN Ha O-HUTPOTOYOR OOpasyerca pA MposyKTos, 
KOTOPBIX HavOOlee BaxKHbIM ABJIACTCA AHTPaHuOBaa KucsioTa (1). Mexa- 
HH3M STOM peaKIWMH, Ha3bIBaeMOM AHTPaHHJIOBOM MeperpylMupoBKoH, uMeeT 
SHaYeCHHE [JIA MOHHMAaHUA MpOMeCCOB OKHCJICEHHA, BOCCTAHOBJICHUA, H30Mepu3a- 
‘MM M KOHJCHCalMM APOMATHYECKUX HUTPOCOeAMHeHHH. On uccmeqoBasca pAOM 
BTOPOB, OHAKO, HH OHA H3 MpeVIOHKEHHBIX CXEM P€AKILMH JO CUX MOP He Morvia 
BITb OJHOSHAYHO TOATBeEPKMeHa WIM OTBeEPrHyTa Ha OCHOBaHHH HMEIOILAXCcA 
JuTepaType JaHHbIXx. 

Hacrosuad paOota uMeula WeJIbiO BLIACHHTb BaXKHbIM [JIA MOHMMaHHA MeXa- 
HU3Ma IleperpyNMMpOBKH BOMPOCC O TOM, NPOHCXOAUT IM KUCMOpOR Kap6oKcuJb- 
Hou IpyNlbl AHTPaHHJIOBOM KHCJOTLI H3 HATPO-rpylMb!l HCXOAHOFO O-HUTPOTOMY- 
(oa WIM M3 BOLHON menoun. Jia STOrO HaMM HCCIeEMOBaOcb Mpesparlenue 
HO-HUTPOTOYOa B aHTPaHHJIOBy!O KUMCJOTY HU KaJIMeBOM COM O-HUTPOTOMYON- 
hi-cy OK UCHIOTEI B f-CyJbPOaHTPaHHJIOBy!O KHCJIOTY Ip AelicTBuH BOHOTO 
1 KOH, mevenuoro O!°. To cogep2xanuto O!* B O6pa3ylollNxca pu 3TOM aHTpaHH- 
JOBOH WM n-CyJb:OaHTpaHHJIOBOH KUCOTAX MbI CyAMJIM O MeXaHu3Me peakuH. 

Hue MpHBOAATCA pe3yJIbTaTbI THIMHUHbIX OMBITOB. 

K 0,24 r/mom o-HUuTpoTOyoua, HarpeToro B KoWOe C COpaTHbIM XOJIOTHIbHU- 
ikom yo 200°, npu6apanuca pactBop 0,45 r/mom KOH!?® B 0,90 r/mom H,O}8. 
Temmepatypa peakI[MOHHOM CMeCH pw STOM CHM KaJiacb B TeyeHue 15 MuH. JO 
150°. Sra Temnepatypa NosfepxKuUBaacb NOMOTpeBaHveM JO OKOHYAHHA PeakIMH. 
3aTeM U3 peaKIMMOHHOH CMecH MeperoHKOH C BOAAHBIM MapoM yaJisaJIcA HeMpopea- 
THPOBaBIUIMH O-HUTPOTOJYOJI H O-TOJYHAMH M OCTATOK HeEHTpaM30BaJICA pasOaB- 
jenHoh H,SO,. Uepe3 KXHAKOCTH IpolycKasica TOK CO, AA yRavleHuaA WHaHHcTo-- 
BOJOPOAHOM KUCJIOTHI MU CMECb (PUILTPOBaaCch; PUsIbTpaT MOAKUCAAJICA yKCyC- 
HOH KMCIOTOH u Mocme NpHOaBJeHHA YKCYCHOKHCJION MeqM U3 Hero OCaxKalacb 
MeHad COJIb aHTpaHUNOBOH KuCOTHI. IlocneqHAA paslaralach CepOBOJOposoM; 
OOpasoBbIBaBllancA AaHTPaHMJIOBad KUCJOTa SKCTparMpoBasacb SpupOM HM Tlocue 
ylanenua supa cyO6mumMuposasnacn. T. mu. Opina 148°. B pasmmunbix OMbITaX MbI 
MCHAUIM MpOOJOKUTEbHOCTh NpHOaBsenuA menoun oT 20 no 90 MuH. uw Mpopos- 
KUTCIbHOCTH WOCMeLy1ollero HarpeBaHuA peakWMOHHOH cmecu oT 15 yo 120 Muu. 
Vs6nrrounoe cogepxkanuve O'* B BHIeIeCHHOM aHTpaHHJIOBOH KUCJIOTe Ip 9TOM 
Koue6alOCb HE3HAUHTeJIbHO H CocTaBAIO 41—48% oT u36bITOUHOrO CosepKannA 
O18 B ucxonHOl BOAHOM weTOUH, paBHoro 0,60 at. %. ; 

K pacrsopy 0,16 r/mo1 KOH? 8 1,40 r/mon H,O18, narperomy B Ko6e c 06- 
PaTHBIM XOJIOLMJIBHUKOM Ha KMMAMLeM BOLAHOM OaHe, 3a Nepuoy OT 15 no 60 Muu. 
mpHOasmanoch 0,04 r/MOu KamMeBOH COJIM O-HATPOTOMYOU-N-CyJbPOKUCJOTHI 
M HarpeBaHue PeaKUMOHHO CMecH Mpoxom«Kaocb mpu 100° eme B TeveHne 60— 
150 mun. 3aTem peakMMOHHad CMECb HelTpaM30BalaCh pasOaBJIeEHHON COJIAHOM 
KUCHOTOM UH JelicTBHeM CepHOKUCIOM Mey U3 Hee OCaxKasacb (B TeveHHe CyTOK) 
MCHA COJIb N-CybPOanTpaHuJIOBOK KUCJIOTHI. Ee pasiowenne COuAHOK KHCJIO- 
TOH JaBasO N-CyAbPOaHTPaHHJIOBy!O KUCJIOTY, B YMCTOTe KOTOPOH MbI yAOCTOBE- 
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PAJIMCb THTPOBAHHEM OHOli ee HaBECKM MWLeOUbIO M ApyrOH—HUTPHTOM HaTpuA 
Vi36n1rounHoe cogepxKanne O18 B n-cybOaHTpaHHJIOBOH KMCOTe COCTAaBIAM 
44-48% or u36birounoro coyepxkanua O18 B MCXOZHOM BOMHOM WleOUN, COCTAB 
JIABWEFO B PasAMUHIX oMbITax oT 0,80 yo 2,00 ar. %. 

Tlonyyenupie aHHbIe MoKa3biBaloT, YTO B KapOOKCHJIbHOM rpynne anTpanu 
JIOBOH H N-CybOaHTpaHHJOBOH KUCJIOT OJMH ATOM KUCOpOAa MPOUCXOUT Ui 
O-HUTPOTOYyOua, a BTOPOH — U3 BOHOK Wemoun. ITO HaOsoMeHue CorsacyeTecs 
C M@XaH¥3MaMH peakIWHH, MpeqoxKeHHEME [lone (?), Ilykunot u IIpeqponu 
TeeBoi (3) H OLHUM M3 BapHanToB cxembl [Jopali-Koumnmua (*). Bce 9TH aBTOpE 
mpeqnouaraiu, YTO aHTPpaHuJOBad NeperpyMMuposka MpoTekaeT C NpOMexKyTOU 
HbIM OOpas0BaHveM aHTpaHua: 


CH; CH COOK 
YY YY) “or 
eee ae (1 
\ \ 
Ww PND a Rs DS 4 NH, 
Hawtu yannpie oTBepratoT cxemy Jlokka (2): 
18 
ms cBdk 
Gil C— OK 
ae (43KOH) ae Nis ea ey ae 
(3H) Oe 
NH 
WwW NO; ws ne! 


M TOT H3 BapHaHToB cxembl [lopait-Koutuya, B KOTOpOM Mpegnosaranocb O6pas3o- 
BaHHe OPTO-(pPOpMbI KHCJIOTHI, a TakxKe IpeyqMoaraBlunlica MHOrya (°) MeXaHH3M 
BHYTPHMOJeKYJIAPHOTO OKHCJICHHA MeTHJIbHOM FpyNNbl KUCMOPOLOM HUTPO- 
rpynnpl. 

C wembiO NOATBeEpKAeHHA MexaHu3ma Tuna (1) Obl H3yyeH THAPOMM3 aHNTpa- 
HHJ1a B aHTPaHHJIOBy!IO KHCIOTY TAXRKEMOKUCAOPOAHOH BOAHOH wleOubIO. OKa3a- 
JOCb, YTO KucIOTa cozepKana 40—46% oT Toro KomMYeCTBa “36bITOUHOrO O}8, 
KOTOPOE HMEJIOCh B BOJHOM WhesIOUN, YTO CJIYXKUT aJIbHeHIIMM JOBOJOM B NOIb3y 
MeXaHH3Ma TeperpymmuposBKu Tua (1). 

IIpopepounple ONbITHI MOKa3aJIN, UTO M3OTOMHbIM OOMeH AHTPaHUJIOBOH u n- 
CyJbPOanTpaHHJOBOH KHCJIOT B Tporecce peaKIMH He MCKaKaeT, CyLICTBeH- 
HbIM OOpa3s0M, HX u30TONHOTO cocTaBa. M30TonHbIi OOmMeH aHTpaHusia c H,O} 
mpu 100° He mpoucxogurT BoBce. 

Kpome HccieqOBaHHA Me€XaHH3Ma aHTPaHWJOBOMH NeperpyNMMpOBKH MbI 
M3y 4M CTPOeHHe aHTp ana, JIA KOTOpOro Npesarasica pA PopMyv1, HanOovee 
OOOCHOBaHHBIMH H3 KOTOPbIX ObIIM CleqyroulMe TPH: 


CN C=O CH 
RE YSN 
( I] Se 


() 
vA - ~S he LZ 


(I) (II) (III) 


A 


Bpl6op MexKjly HAMM He MOr ObITb JO CHX Nop cheaH OKOHYaTebHO. MbpI Hallin, 
uTO aHTpaHHsI He OOMeHMBaeT CBOErO BOMOpOFa Cc TAKeNIOH BONO axe pu 
100° 3a 3 yaca, uTO OMHO3HAUHO ONpOBepraer amuguyto dopmysty (11) Ppuznen- 
Hepa u Tennepa (°), Tak Kak BOAOpoy B rpynunuposKe N — H oOmeunpaertca Becb- 
Ma OBICTpO. 

IIpu BoccTaHoBJeHHu O-HUTPOOeH3aIbyeruya, MeyenHoro O!8 B KapOoHNJIbHOM 
rpylme, oKasaocb, YTO OOpa3ylOWWHcA aHTpaHW He ComepxKUT u36bITKa O}8 
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4TO, CMEMOBATEIbHO €FO KHCOPO MpOHCXOAHT 3 HHTPOFpyMiibl, a He M3 Kap- 
DHHJIBHOM FpyNMbl O-HUTPOOeHsabyerusa, TO OTBeYaeT CxeMe: 


'H H H 
d_§ 6-8 é_ Sy a CH 
a@N/ St es, ye (-H.0)A7\ / | \ 
(Lo a(t —{l) => 
Wa NO, MO v= 01 Dine oe ON 
H 


PTH aHHble ONpoBepraioT ApeqMoOwKeHNe O TOM, YTO B AHTPaHHJe COxXpanseT- 
fs KAPOOHWJIbHBIM KHCOPOL, BbI-BAHyTOe BamGeprepom (7), HO He IIpeJIO%Keu- 
yto uM cTpyxtypy (III). Mb! nonaraem, uro myutle Bcero OTBeYaeT CBOLCTBaM 
uTpanusa dopmy.a (1), mpeqoxwennas (*) wm NowyyMBIIad HOBOe O6oCHOBaHHe 
} HeaBHUx padotax (3). 
PesyJIbTaTbI HalIMX ONBITOB C O-HUTpOOesabAeruOM MOKasbiBaloT Cc Tpy- 
(OH CTOPOHBI, YTO 9TO BeLeECTBO MOXKET ObITh, KAK 3TO MHOFa Npegnonaranocb 
i‘), MpoMexyTOWHEIM TIpomyKTOM aHTpaHusOBO MeperpynnmupoBku, mpequie- 
‘TBYIOLMM aHTPaHWJly, TaK KaK B COOTBETCTBMH C HalMMH aHHbIMH B AaHTpaHH 
i€peXOAHT KHCJOPOL HUTPOrpyMMbl, He OOMeHHBAIOUIMHCA C BOAHOM WLemOUbIO. 
Mmpeweuenue coxepxanua O18 B Bose u B OPraHHYeCKHX BeMLeCTBAaX BbINOHA- 
10Cb C NOMOI[bIO MAaCC-CIeKTpoMeTpa NO MeTOaM, paspaOOTaHHbIM B Halllel 
adopatopuu (°,1°), Tounocrb aHamusop cocraBiala 3%. 

Bpipaxkaio 61arofxapHocts akagemuky AH YCCP A. UV. Bpogckomy 3a pyxo- 
BOACTBO padoToH. 


Wucrutyt dusuueckoi xumuu um. JI. B. MucapxxescKoro Toctynuo 
Akajemuu HayK YCCP 10 VII 1959 
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Jlokxagmn Akagqemun nwayk CCCP 
1960. Tom 132, N: 3 


XHMH) 


MW. ®. JIYWEHKO u 3. C. KPAHL 


APBY3OBCKAA NMEPEFPYNNUPOBKA BHHWJIOBbIX I®HPOB 
POCHOPHCTOH WM PEHHJIOChUHHCTOM KUCJIOT 


(ITpedcmaeaeno axademuxom A. H. Hecmeaxossim 7 I 1960) 


Heapno Hamu OMMCaH MeTO, CHHTe3a PaHee HEJOCTYMHEIX BHHMJIOBbIX 3p 
pos docopucto# Kucsorst (1) Tama (RO)z2POCH = CH2, ROP(OCH = CH)! 
u P(OCH = CHz)s u TakxKe HEKOTOpble peak STHX COCAMHEHHH. B nactoamel 
CTaTbe H3JIOXKeHbI peSybTAaThl U3YYCHHOM HaMM apOysOBCKOM Meperpynmupos: 
KM BHHHJOBbIX spupoB docdopucrok u pdennsocpunucTok Kucor. Msomepusa 
IMA BHHWJIOBbIX 3PUPOB socPopucTOH KUCJOTHI B BAHHJIOBbIe S*Upbl POcuHo: 
BbIX KHCJIOT, KAK HM MOXKHO ObIO ORUAATL, MPOXOHT C OOJIbUIMM TPyAOM NO cpaB! 
HeEHMIO C H3OMepH3alluelH TpMalkusocpuToB. Tak, ecm MA KOJIMYCT BEHHOF 
H30Mepusallun TPusTHIdocHuTa B MSTHIOBLIN SPUp MeTHIOCHPHHOBOM KUCJIOTH: 
JOCTaTOUHO HarpeBaHHA C HOMMCTHIM METHJIOM Ha BOAAHOM OaHe B TeyeHHe 2 yac! 
(2), TO qua Meperpynmuposku AMsTHIBMHUOChuTa B STHABUAMNOBLI sup 
MeTHJIOCPUHOBOH KUCJIOTHI TpeOyeTcA HarpeBaHHe C HOMCTBIM METHJIOM yxe 
4 yaca. Jia u30mMepu3alun NOJYYeHHbIX HAMM Pa3JIMUHbIxX MaJIKUJIBUHHI@oc- 
(buToB TpeOoBaslocb HarpeBaHue C HOMMCTbIM MeTHJIOM B TeyeHHe 4—6 4yac. 
IIlpu HarpepaHun WMaIKHJIBUHNIPOCHUTOB C HOLMCTHIM STHJIOM M HOAMCTHIM 6By- 
THOM mpH 100° n30mMepu3allua MpoxoguT 3a 20 vac. mMeHee uem Ha 50%, Bester 
CTBUe Vero NOTPeEOOBAOCh MPOBOAUTb peakIMI0 B 3allaAHHbIX TpyOKax pu 120— 
150° B Teyenne 8 uac. B 3THX YCNOBHAX HAMM MOyYeH PAX aNKWIBUHVJIOBBIX 
SPupOB PocuHOBbIX KUCJIOT, KOHCTAHTbI KOTOPHIX MpuBexenbl B Taba. 1. 

IKHILMUBUHHAPOCDHUT bh M30OMeEPpH3yIOTCA B JHBHHUJOBbIE 30H 
PbI aIKHJIOCPHHOBHIX KHCJIOT B elle Ooee wKeCTKUX ycoBuAX. Ilpu HarpeBa- 
HMM CMeCH STHJIMBUHUIocHuTa C HOLMCTHIM METHJIOM Ha KuNAUlen Gane B Tee 
Hve 20 4ac, H30Mepu3allHA MpOXOAUT TOMbKO Ha 60%. Harpesanuem sToH xe cMe- 
cu B 3alasHHou TpyOxe (110°, 8 yac.), Nomy4eH AUBUHMJOBEIK apup MeTucocdu- 
HOBOH KUCJIOTH C BbIXOZOM 88%. 

JIMBUHUJIOBbIe SUPbI STUJI-, Nponu- uv OyTuocpuHOBbIX KUCJIOT MOJy- 
YeHbI HarpeBaHHeM B 3alladHHbIX TpyOKax (130—160°, 8 yac.) ankunguBMHHI- 
(bocuTOB C HOMCTHIM aJIKWJIOM, COepKallM¥M OMHOUMEHHBIM Cc octuTom pau 
Ka. B caryuae n30Mepn3aluH AKMJIUBUHHIPOCPUTOB C TaJIOMHbIM aJIKHJIOM, 
COMepHKAaLMM PANKAJ, OTMMYHBIM OT aJIKHMJIbHOrO pafuKasa coccuta, HaG6s0- 
WaOCb OOpasoBaHue CMecu siupos chociuHOBHIX KuCNOT. TpuBHHuochuT Mmpy 
JJIMTeIbHOM HarpeBaHHW C HOMMCTHIM MeTHJIOM He H30Mepu3yerTca. IIpoBeqenne 
H3OMePH3allHu B 3alaaHHOU TpyOKe pu 120—125° npuBoguT kK ocMOeHuIO IIpo- 
HYKTOB peakIlHn. 

Takum 06pasom, B CJly¥ae MOHOBMHMIocpuTos u AMBUHUMocuTOB apO6y30B 
CKad MeperpyMNMpOBka MpOWCXOAUT C OTILENIeHHeM aJIKUJIbHOrO paqukana 

HM B OJHOM H3 CJlydaeB HE HAOMIOMAaIOCh OTUIENJICHHe BUHUJIbHOTO paquKana 

Ha ocHoBaHuu pesybTaTOB, NOJYYeHHBIX IPM U3yYeHUM H3OMepusalUM BEL 
HHJIOCPUTOB B BUHHJOBbIe SPUPbI POCPHHOBEIX KUCJIOT, MOXKHO OBO OKULATS 
uTO apOysOBCKas MeperpyllMpoBKa JUBUHUOBOTO schupa dexundhocdunucto! 
KHCJIOTHI TakxKe OyfeT saTpyquena. JluBuHuOBBI scdup dexumdbocbunucroi 
KUCJIOTHI, HOJYYeHHbI u3 PeHUUuxXNOpmocuna uv MepKypOucaLeranbzernga 
pearMpyer C HOZMCTbIM MeTHJIOM, aBad KPUCTasIMYeCKUM Ipo_yKT mpucoenHx 
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eons. [lpu Harpepanuu 9Toro 
O€HHEHUA MpOUCXOUT BbIe- 
eHve Hoja W OCMOIeHHe. 

VM3yueno TakxKe B3anMosel- 
TBHE BHHVJIOBLIX S*PUpOB cpoc- 
pucTOH KUMCIOTEI Cc ralouy- 
BIMM alluJlaMa — XJIOPHCTbIM 
IleTHJIOM H XJIOPHCTHIM OeH30H- 
om. IIpu cimBaHuu uaKMUI- 
BUHHJIOCUTOB C raJlOHHbIMU 
allusiamMu HaOsmoqaeTca cmad0e 
pasorpesanne. Peakitua Ipoxo- 
usa pH KOMHaTHOH Temmepa- 
Type B Teyenue 2 cyTox. IIpu 
pa3srouke MposyKTOB peakiuH 
BbIJeICHbl BUHHJIOBbIeE SPUPbI 
a-KeTOOCHHOBbIX KHCJIOT, 
KOHCTaHTbI HM BbIXOJl KOTOPBIX 
IpuBeyeub! B Tabu. 1. 

BsavmMojyeucTBHe aJIKMJIU- 

BUHUJIPOCHUTOB C raJOUHbIMU 
allusiamu TpeOyer Oouee 2ecT- 
KMX YCJIOBHH, KaK 9TO HalieHo 
B cayyae peakUuu xsOopucToro 
OeH30nNIa C OyTHAAMBUHHJIOc- 
(puto. 


OKcCNe€puMeHTANbHAA 
yacTb 


QJTUABHHHNAOBH Hu 
agup METH AMOCO r- 
HOBOH KUCAOTH. 8,2r 
(0,05 mosza) MSTHIBHHMJIGoc- 
puta ipusuau K 7,7 r (0,054 
MOJIA) HOWMCTOrO MeTHJIa. CMeCb 
HarpeBasiw Ha KHIAuLeH BOsA- 
Hol Oane B Teyenue 4 uac. IIpu 
pasroHke Nowyuusu 5 r houc- 
Toro sTusa (65%) u 6,7 r (89% 
OT TeOpHu) YITHIBHHYJIOBOTO 
abupa MmeTusidocpuHOBOH KUHC- 
JIOTHI. 

ByTHABHHUNOBHH 
a3dup 6yTHIMPOCHu- 
HOBOH KucaoTH. 10,6r 
(0,05 moa) quOyTHIBUHMIpoc- 
uta npuausan kK 10 r (0,054 mo- 
via) Houctoro OyTHa. Cmecb 
HarpeBaJM B3anadHHOH TpyOKe 
8 uac. mpu 150°. IIpu neperonKe 
nomyuusu 8r Hoxucroro OyTu- 
na (80%) u 9,3 r (85% oT Teo- 
pun) OyTHIBMHMIOBOrO a*pupa 
6yTUMocHHOBOH KHCJIOTHI. 

JLMBUHHAOBLH 3IPup 
METHADOCHHHOBOH 
KucaorTu. 10 r (0,06 Mona) 


Taonunma A 


Bunusoppie 2cupbl PocHHOBbIX KUCJOT 


16,29 
39 


7,95 
2 
8 
9 
6 


BuuucaeHo, % 
H 


50,52 


16,14 
17 
15 
14 
12 
12 


8,10 
4 
i) 
6 
0 
0 


Haiiqzeno, % 


BDIUHCIJ. 


50,59 


49,07 


MRp 


48,90 


14,0392 
1340 
0940 


14,4470 


82—83/25 
79—7~ 5/8 
79, 5—80/3,5 
95—96/7,5 
83,5—84/1 
69—69 , 5/6 
62,5—63/6,5 


69,5—70/2 
5/2 


Bpixon, 
% 


89 
90 
86 
60 
85 
80 
88 


82 


YcOBUA H30- 
MepH3allun 


XG; 


100 
100 
100 
120 
150 
120 
410 
130 
140 
160 


13 
20 
20 
20 
20 

120 


yac. 


st 6 00 00 00 00 00 0 00 


CoeyquHenne 


R)2 


P (QO) (OR) 
C,H,P (0) (OC 


CH;P (O) (OC,H;) OR * 

CH;P (O) (OC;H,) OR 

CH;P (O) (OC,H,) OR 

C.H,;P (O) (OC,H,) OR 

C,H,P (O) (OCsH,) OR 

C.H,P (O) (OC2H;) OR 
P(O) (O 


CHsP (O) (OR)2 
C.HsP (O) (OR)2 


C,H, 
GH, 


CH, 


“yo 
)OR 


Yi 
\CHa 


CH,;COP (O) (OC2 


H,) OR 


C,H,COP (O) (OC,H,) OR 


CH,COP (0) (OC,H,) OR 
C,H,COP (0) (OR)s 


CH;COP (O) (OC;H, 
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ITHILUBAHUpocpuTa Mpususau [k 12 r (0,08 Mona) HomucToro MeTHsa. CMe 
HarpeBadM B 3alladHHOl TpyOKe BTevenue 8 vac. mpu 110°. IIpu neperouke nf 
YMeHbINCHHBIM aBeHueM Momyauan 8 r (88% oT Teopuu) AMBUHMOBOFO S—H) 
MeTHIOCpHHOBOH KHCJIOTHI. ‘| 

TuvsonponenouaAoBEl IPUP ITHAPOCHUHOBON KH} 
noth. 10 r (0,056 mous) sTHIg{uusonponenuaocpura mpununn K 10) 
(0,06 mous) Hogucroro sTusa. CMecb HarpeBaJiv B 3alladHHOu TpyOxe 8 yac. M1) 
130°. IIpu pasrouxe nonyuusn 6 r (60%) Hogucroro atTua u 8,8 (82% oT TeopH| 
JMM3ONpOneHuOBOTO achupa 3THMGOCpuHOBOH KUHCJIOTHI. 

ITHABHHHYAOBHH 29hup aneTHuAmpocPuHoBoHK KH) 
aot. 10 r (0,06 moma) qusTHIBHHMpocpuTa npusnsu K 4,8 (0,06 Mon) 
Xulopucroro aletusa. CMecb OCTaBHJIM Ip KOMHAaTHOM TemMepatype Ha 48 4a 
IIpu neperonke nowyunsan 6,8 r (63% oT TeopHu) STHJIBHHUOBOTO apupa aby 
THIOcpHHOBOH KHCJIOTHI. 

JuBHHHAOBHH shup SCen30uI1P0cHHHOBOK KHY 
nots. 9,3r (0,05 Mons) OyTHIquBuHUIocputa NpHu K 6,5 r (0,05 mom 
XJIOpucToro 6ex30usa. Cmecb HarpeBasiu B TeyeHve 8 yac. pH 115—120°. If 
pasrouke nowyuuau 5,9 r (50% of Teopuu) AHBHHUMNOBOrO supa CensonHoc) 
HOBOH KUHCJIOTHI. | 

TuUBYHHMOBHHKH 2bup PeCHHAMPOCHHHUCTOH KUCH 
Tu. K 60r (0,2 moma) MepkypOucaueTanbneruga u 20,2 r (0,2 Mousa) TpuSTH. 
amuua B 300 Ma M30NeHTaHa IIpH 9HEPrHuHOM NepeMeWIMBaHHH LOOaBJIAJIN B TOF 
asoTa 10 Kallam pactsop 35,8 r (0,2 moua) denuZuxophochuna B 50 Ma u3¢ 
menTana. Tlocie qo6aBsIeHHA NOJOBMHI pacTBopa PenuJAUXJOpdochuna B pt 
AKI[HOHHYIO CMeCb BHOBb BHecsH 60 r (0,2 Moma) MepKypOnCaleTambyeruga | 
20,2 r (0,2 Moma) TPHSTUIaMHHa MH TAK*Ke NO KallJiiM JOOaBUIN BTOpyl0 NOJIOBUH 
pactBopa denngzuxsophocpuna. Tloce vero peakiMOHHYy!0 CMeCb MepeMellHBe 
um eute 1,5 uaca. [locme ormeenua OCayKa, H30MeHTAaH OTOFHAaJIM HW OCTATOK Mepé 
rHaJiv B Bakyyme. Ilonyuuau 17 r (43% or Teopuu) AMBHHHOBOrO Supa tenus 
ocunucToh KucnoTH, T. Kul. 76—78°/2 mM, n%9 1,5385, 2° 1,0633. MR 


Haligeuo 57,16, spruncameno 57,37. 


Hafiyeno %: C 61,54; 61,20; H 6,10; 5,85; P 15,25; 15,13 
Cy9H1,02P.BermucneHo %: C 61,85; Hoes P {15,95 


IIpoaxyKkT npucoexzuHeHHA HOAUCTOLTO MeTHNa | 
RUBHHHAOBOMY 9MUPY HMeHHAMOCHHHUCTOH KUCIO 
TH. 2 1 TUBAHUIOBOFO Supa eHUocpuHUCTOH KUCJIOTHI PHAM K pacrTBO 
py 1,6 r Hoguctoro MetunaB3MJ alleTOHa M OCTaBMJIM Ha HOUb. Ilocne crosHu: 
B TeYeHHe HOUM BbINAaIO MACJIO, KOTOPOe IPH OXJaxK CHUM 3aKPHCTAJJIM3OBbIBA 
J0cb. Kpuctasibl OTCOCaIH, MPOMbIIH OXJIa2%KAeHHBIM alleToHoM. Tlonyuum 
2 r (58% oT Teopun) T. nm. 37—38°. 


Hafizeno %: C 38,89; 38,56; H 4,32; 4,26; P 9,19; 9,07 


Cy1Hy,02P.Brrancneno %: C 39,31; H 4,20; P 9,21 
Mockosckhit rocyqapcTBeHHEIit yHHBepcHuTer Tocrynuso 
um. M. B. Jlomonocosa 6 I 1960 


UWHMTHMPOBAHHAA JIMTEPATYPA 
1A. H. Heemeannos, H.oOriynenko, Sa CakKep ann, 4. lore 


Bou, JJAH, 124, 1251 (1959). 2B. A. A p6ys308, Peakuuu u meToqE UccnezoRaHH: 
OpraHHueckHx coeqHHenHl, 3, 1954, crp. 19. 
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jlokxaaner Akagemuu nayrx CCCP 
1960. Tom 132, Ne 3 


XHMHA 


M.FA.“MALLKAHOBA 4 akazemux AH JlarsCCP ©. A. BAHAI? 
HEKOTOPBIE MPOMSBOXHBIE 1-THOHA®TEHOH-3-QMOKCHJIA-1° 


|| Muorve nponspoguple uHaHWHOHa-1,3 (1) HaliiH MpakTuyeckoe MmpumMeHenne 
«aK aHaIHTHUeCKHe peaKTHBH (2-HHTPOHHAaHAMOH-1,3, HHHTHApHH, OunyuH, 
)-auTposonnganquon-1,3 H Ap.), KaK aHTHKOaryJAHTbI KPOBH MW AOJeCHTHIMIbI 
42-pennannansuon-l ,3,2-nudennaaneTuiMHaH_HOH-1 ,3,2-nuBaIM MH, aH_HOH- 
1,3 4 up.), Mpeqoxwenb KaK HaPKOTHKH, aHamMTMKU, CHasMomuTHKY (MHorue 
)-amuno-2-apumuuanuoust) (4°), Tlostomy Opiio HHTepecHO U3y4HTb mIpou3- 
BOJHbIe aHaloroB HHanAMOHAa-1,3. B KayecTBe TaKOBbIX MbI B MepBylO Oyepenb 
jOCTaHOBHJINCh Ha 1-THOHadTeHOH-3-ynoKcHye-1 (IV), B KoTOpom ogHa CO rpyn- 
ja 3aMeHeHa Ha SO, rpymny; mocequaa uacTo BCTpeyaeTca B *usHONOrMUeCKH 
JaKTHBHBIX BeLLeCTBAaX. 

_ 1-Tuonadrexox-3-qMoKcny-1 momyuaetca OKHCJICEHHEM THOMHAOKCHJa Tepe- 
KuCcbIO BogOpona (1°). CyabiupoBaHnem apupa Oex30n/yKcycHOl KHCAOTHI 
(II) Meter (4) nonysna sdpup anrugzpoben30u-o-cybpoHOBOK KucsoTer (IIT) 
MB KauyecTBe noOounHoro MpopzyxKta |-Tuonadrenou-3-ynoKkcus-1 (1V), o6pa3s0Bas- 
\viica, BHHO, OMbIJIeHHeM yNOMsAHYyTOrO adpupa. ApuHaT c corp. (2), HarpeBas 
8 uac. sbup c 20% conaHOH KuCNOTOH, MOyyHH OOpaTHO UCXOMHbI scup; 
TO 2Ke CaMOe HOMyIMNOCb MW MOCMe NATHYACOBOTO KHMAYEHHA B MPHCyTCTBHH Cep- 
iHOli KHCAOTHI B MeTaHOse. MpI NpoBo_HNM OMbIIeHHe 20% cepHow KucAOTON B 
sTaHosle uM nomyunau IV c 83,8% BpIxogoM. 


CO H,SO CO 
Cec » CHa CH.COCHACOOG.H, = GC. © SCXCOOGH; = 
Ne SO, Ss 6 ve 
2 
() (II) ae [Il X=H:Br 
Se CeHa a : CH, 
SO; 
(IV) 


Soup III] (X = H) oOnanaer kucabimu CBOMCTBaMH HU JerKO OOpas3yeT Coun; 
IPHrOTOBJIeHbI KasJIMeBaA, AMMOHHEBAA, AHWJIMHOBaA HM NMMepHAHHOBAaA COWIH. 
CnupTospli pacrBop adpupa maeT c FeCls kpacnoe okpallmBanne. Opup, Kak H 
abUpPbI HHaHAMOHKapOOHOBOH KUCJOTHI, JIerkO Opomupyerca; IpH OpomupoBanHnHn 
BMATKUX ycuoBuax oOpasyertca III (X = Br), mpu Oomee sHepruuHOM Opomupo- 
BaHuu oOpasyerca 2,2-qnOpom-1-Tuonadrenon-3-qMoKcHI-1. 

1-Tuonadrenou-3-quoxcng-1 (IV) npegcrapaaet coOok OecuBeTHble KpHCTas- 
db c Tt. na. 184—135° (tv. na. wHfanguona-1,3 129—131°). B menouax pacrso- 
Paerca, OOpasya GeciBeTHBI pacTBOp (HHJaHHOH-XKeTHI), IPH NOAKHCIeHHH 
BbIeaeTCA OOpaTHO HeH3MeHeHHEIM. B xooqHOH Boge He pacTBopszeTca, 
Ip KHMAYeHHH BOJHEIM pacTBOp posoBeeT, peakUMA pacTBopa Kucaa. B or- 
dMyve OT HCxO_HOrO stupa c FeCls B CNMPTOBOM pacTBope He faeT KpacHOH OK- 
packu (11). IIpucytcrBue akTuBHOH MeTHeHOBOH rpynmnbl BV 7oKa3aHO Nonyue- - 
HHeM TIpoyykTa KoHeHcaun (V) c n-HuTpoOeHsambyerugomM. Bbpomupopanvem 
IV nonyyeno Kak MOHOOpoM-, Tak Hu AHOpommpousBogHoe. IIpuroToBsenst ce- 
HAITHpason H OKcuM. Mx cBOlcTBa OTBeUaIOT JIMTepaTYPHbIM TaHHEIM (1°,**). 
Viz oxcuMa MpurorossieH ero MeTHJOBbIM H OexnsoHubIit odup. 

CO Cr—IN Nia G 


CHa C »e = CHC,H,NO; (n) CoHa C > CHX XHCC . CeH, X =H; Br; NO, 
SO, SOs SO: 
(v) (vi) 
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Bsaumogeticrsuem IV c NH2NHe2-HCl nosyuen asuu (VI) B Bae Ker 
Kpuctaisos. Ero metwuieHopad rpynma ocTalacb HeTpOHyTOH, MosTOMy a. 
jlerko Opomupyerca (VI X = Br) u uutpyerca (VI X = NOz). Dugpomn, 
MOCeLHeErO COCAMHEHHA MOXKHO OBIVIO OMKULaTb NOyyenua 2-HuTpo-1-THOH. 
TeHou-3-qMo0Kcuya-1 (VII), HO ero yalocb NpHroTOBUTh Upoue — NpsAN 
HuTpoBaHHem IV, moqoOHO TOMy, Kak MNouyuyaeTca 2-HUTPpOHH anon 
(VIII). Coequnenve VII, ananor VIII apmaetca OveHb HHTEPECHBIM BellecT 
usyyenve u cpaBHenue cBolicrB VII u VIII mower qaTb MHoro CBeqeHUH , 
pelleHunaA pala Teopermueckux BompocoB. O coeynHenuu VII nocaenyer occ, 
coooulenue. 


CO CO 

GH; f . CHNO; |< CHI <  CHNO, | 
SO; CO ; 
(VII) (VII) 


IKCNeCPHMECHTAALHAA Wa. Tb 


ITunAoOBHKH ahpup 1l-THOHAmTeEHOH-38-FUOKCHY- 
KapGoHOBOH-2-KUCNUOTH (HAH AHTHApOOeHBSOUA 
cytbpmouospok KucaoTn) (II] X =H). K 200 r 60% oneyma i 
OXJ@K]JCHHH JIbJIOM C NOBapeHO CObIO B TeyeHHe Momuaca UpH JHeEpruy 
NepeMelIMBaHHH 3 KallebHO BOPpOHKH MpHOaBrstor 40 r stTuOBOrO 9c) 
6eH30HJI-yKCyCHOH KHCOTEI. Cuponoo6pa3Hbld MposykT peaKUHN BBbIJIMBi 
Ha MATHKpaTHOe KOMMYeCTBO wba. Tlomyyennpii Cen Kpuctannuueci 
ocayox III (X = H) nosropHo kpuctTanau3yioT u3 cuupta. Brixog 38 r (82 
T. ma. 140°; mo mutTepatype Bprxon 60% (27), T. ma. 140°. 

Kamuespaa cosb. Cuuprospm pacrsop III (X = H) Hektpanusy 
BOJIHbIM HACbILLeCHHbIM pacTBOpoM KeCOs. M3 duibTpata pu CTOAHHH BbINZ 
OT OeclBeTHbIe POMOHYECKHe MWaCTHHKH KasMeBoH comu. T. m1. 312° (pa: 

: Hatineno %: C 45,20; H 3,66; K 12,92 : 
CyHpOs;SK. Bprucneno %: C 45,20; H 3,08; K 13,36 

AMMOHHeBAA COb. Couptosni pacrsop II] (X = H) nacpmi 
aMMHAKOM HM OCTABJIAIOT NO APyToro Hs. Meukue OecuBeTHble Kpucramibt. T. 
214° (pa3u.). 


Haiineno %: N 5,02 
CysHeOsSNHy. Burncneno %: N 5,17 
AHHAuUHOBasA COab. K cnuptTosomy pacrsopy III (X = H) u 
OaBAIOT SPUPHEIH PaCTBOP aHWJIMHA, BbIMaqaloT OeciBeTHbIe HrOMOUKH. T. 
198°, 
Hatiyeno %: N 4,43 
CyyHyO5SN. Buruncneno %: N 4,03 


Tlunepugqunopasax comb. AnanornmaHo mpenpizymel. Bec 
Hble WwiacTHHKH. T. a. 161—163° (pasu.). 


Hatineno %: N 4,44 
CigHoO5SN. Buuncneno %: N 4,13 


Bee aTH COM XOPOWO KPHCTAaIM3YIOTCA U3 CMPTa MM HB ClupTa Cc Joe 
JIGHHeEM 9cpupa. 

Bpomuposanne. K 0,3r II] (X=H) B 10 ma xaopodopma npué 
aaioT 10 Kamedb OpoMa MH BBICTABAIOT Ha HECKOJIbKO yacoB Ha couHue. J 
XJIOpOPOpMy MCMap¥TbCH M OCTATOK KpHCTaNM3yIOT “3 cyxoro CCla. Becu 
Hble Kpuctambt II] (X = Br), v. m1. 99—100°; no samtTeparype (1) 98 
Xopowo pacrBopsercs B aleToHe, CHCls n0xo BCCla, ne pacrBopserca B BC 


Halizeno %: Br 24,36 
Cj,;HgO5SN. Buruncneno %: Br 24,02 


| IIpu 6oee sHeprHuHoM OpomupoBanuu OOpasyerca 2,2-HOpom- 1-THOHad: 
3-MoKcHy-1 (cM. Javblte). 
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ei-Tuounaprenou-3-qgnHnoKeug -1 (IV).5 r Ill] (X =H) pac- 
}BOpAIOT B CIUPTOBOM pacTBope CepHOH KUCOTHI. PacrBop KHNATAT Ha BOAAHO 
pane WO NpeKkpaulenuA BbIWemeHHA COz (~6 yac.). Ha apyro menb oTWeA10T 
biimaBiine OecuperHble uroubyaTHIe Kpuctanib TV wu TuaTesbHO MpOMbIBaIOT 
ogow. Burxog 3 r-(83,8%), T. m1. 134—135°, no murepatype or 132—139° 
10°12), TlowyueHHbIli MpOyKT ABJIAeTCA NOCTATOUHO UYHCTEIM JIA NabHelitedt 
mepepadoTKu. Pas6aBeHHeM KHCJIOrO CNMpTOBOrO *uJIbTpaTa JBOHHBIM KOJIU- 
HECTBOM BOJbI MOXHO MOJYUHTb elle HeEKOTOPOe KOHYeCTBO IV, BHIeTAOMLeroca 
B BUC MACJIAHUCTHIX KpHcTaoB. Mx pacrBopswT B 5% meno" uM OCaKaloT 
pasOaBJIeHHOH COAHOM KuCMOTOH. T. ma. 134° (43 cnuprTa). 
Oxcum. 0,5 r IV, 0,5 r NH2OH-HCI, 1,2 r Ge3noquoro anerata naTpuA 
12 Ma JIeMAHOM yKCYCHOM KHCJOTbI KANATAT 3 4aca HW NO OXaxKeHHM BbIM- 
BaloT B BONY. Bespili ocaoK OKCHMa KpuCTaIMSy!OT u3 pasOaBNeHHOM yKcyc- 
HOM KUCIOTHI. T. m1. 245°, no mutepatype (1+) 245°. B pas6aBennot memo4un pac- 
BOPAeTCA, OOpasyxA OecUBeTHbIM PacTBOP, IPH NOAKUCEHHH BbILeAeTCA HeH3- 
IMCHEHHBIM. 
Hatigeno %: N 6,89 

CgH,O3sSN. Bpmucneno %: N 7,11 
| MeTunaoBHh 9Dup oKkcuMa. 0,1 r nomyyeHHOrO OKCHMa pacTBO- 
/PAIOT B 5% KapOoHaTe HaTpHA, MpHOaBJAIOT HECKOJIbKO Kaleb JMMETHJICYJIb- 
idata u HarpeBaroT jo 90°. Bpmayator Memkue Oemple uromoukun. T. mt. 148 ~- 
[149° (43 pa36aBuleHHoro cnupta). 


Hafizeuo %: N 6,50 
Cj3HgO3sSN. Bpruncueno %: N 6,64 


| Beu30atT oxkcuma. O,lr oxcuma pactsopswT Bp Sma 2% eqkoro Kalu, 
j 1 pM CHJIbHOM B30aJITHIBAHHM MpHvOaBJIAIOT NO Kalam OeH30nNIXsJOpHA. Borta- 
WaeT OeIbI KpuCTaIMYeCKU OCaqoK OeH30aTa. Ero NpombpiBaloT clepBa XOJIO]- 
HHO, MOTOM TopsAyeH BOLO uM KPUCTAaJIMMSyIOT U3 JeAAHOM yKCYCHOM KMCJIOTHI. 
HT. m1. 245—246°; cmecb C HCXOJ/HBIM OKCHMOM MwlaBuTca Mpu 225°. He pacrsBo- 
|. paeTcA B BOE UM B:upe, TPyAHO pacTBopsetcA B CMMpTe. 


Hatizeno %: N 4,68 
CysH1O.SN. Bumncneno %: N 4,50 


2n-Hutpoodeu3aa-l-rTuonagptrenon-3-rH0KcHI-! (V).0,5r VB 
Ntevenue 1,5 yaca CiaBIAIOT C 9KBUBAJICHTHbIM KOJIMYCCTBOM /-HUTPOOeH3aJIb- 
| Jernia B MacaaHok Gane mpu 160°. OxnaxKneHHy!0 Maccy pa3MeJIbyUaIOT, IIPOMBI- 
/BalOoT TOPAYHM OeH3OJIOM HM KPHCTAaIM3yIOT “3 HUTpOOeH3ONa. Burxog 0,3 r 
j aKeNITEIX KpucTai0B (V). B oObmHblx OpraHHyecKHX PacTBOPHTeIAX He PacTBO- 
/psetca. B Kon. CepHol KuCJOTe pacTBOpAeTCA C OpanxKeBol OKpackol. T. nM. 
| 285—286°. 
Hatigeno %: N 4,59 

CysH»OsSN. Boetuncaeno %: N 4,44 

| Bpomupospanue Il-rTuoHadTeHouH-3-Auokceuga-l. 
10,5 r IV pacrsopsioT ip Harpepanuu B 20 Ma meqaHOH yKCyCHOM KHCJOTHI 4H 
‘K ropayemy pacTBopy MpHOaBNAloT MO KallisamM OpoM WO Tex Nop, MoKa Nocsey- 
Hu Oombule He OGecuBeunBaetca. Tlomy4eHHbIH %KeNTOBATHIH pacTBOp pa36aB- 
AAIOT TPCXKPaTHBIM KOJIMYeCTBOM BOI HM BHINABLINH OebI XJIONbeBUAHBIN OCa- 
|OK KpuctalmMu3yloT u3 ciupta. Bebe vrombuatble KpucTadb 2-6pom-1-THo- 
| Harenou-3-qu0Kcuya-1 naaBatca mpu 118—120°. Xopoulo pacrBopsiorca B 
f xopocbopme, apupe, aueToue, Oenso0ue, NeqaHOM yKCyCHOM kucJoTe. 5 
Haitmeno %: Br 29,95 

CsHsO3sBr. Botuucneno %: Br 30,65 


| CnwpTosbli pacTBop pasOaBAI0T BOOM M OCaqOK KPUHCTAaJIM3YIOT U3 pas- 
“OapnenHoro cnupta. Bespie Kpuctatmb 2,2-~nOpom-1-THOHAapTeHoH-3-AnOKCH- 
'a-1, 7. m1. 146—147°, xopouio pacrBopsioTcs B clupTe, Xopodopme, Oex30ue, 
| ameTone, TpyqHO B 2cpupe. 

Hatimeno %: Br 46,74 

CsHy,03SBry2. Batucneno %: Br 47,06 
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Tor xe AuOpomuy Noyyaerca pu SHeEprHuHOM JelicTBHH OpoMa Ha dq) 
JIL (X =H). K0,7r II] (X = H) B 20 Ma seqaHot yKcyCHOK KMCJOTHI mpu6a 
asiot 20 Kamen Opoma u kunATAT 2 yaca. Briyennetca HBr. OxaxKeHH! 
PaCTBOP BbIVIMBaIOT B BOLY M BbINABINNH OevIbIN OCANOK KPHCTAJJIM3YIOT U3 Pé 
GapeHHoro cnupta. T. nu. 146—147°; He aer fempeccuH TOUKM NWaBJeH: 
C BbIIeMOYYCHHEIM JHOPOMHOM. 

Asuul-TuoHagbtenou-3-naun0Kcuga- 1 VI (X =H). K pz 
TBopy 0,2r1V 8 10 ma cnupta npu6aBaator 0,2 r NeHa-HCl mw kunatat noma 
BbIMaqaioT MeyiKue «KeITHIe KpucTanmE VI (X = H), ux MpomprBatoT ropay 
Bogol.yT. mt. 148—149° (pasn.) (43 HuTpobeHso.1a). 


Hatineno %: N 7,48 
L CrgHy2O4S, No. Burncneno %: N 7,77. | 
) 


F ’ B oObluHbIX OPraHHyecKHX PaCTBOpHTeIAX He pacTBopsetca. IIpu Harper 
HHH pacTBopserca B 5% eKOM Kalu c Oomee APKOH OKpackoH, KOTOpaA 1 
MOAKHCIeHHH ucuesaeTr. B KONI. CepHOolh KucIoTe pacTBOpsAeTcaA 6e3 OKpaCck 
TIpu pasOaBleHun BORON NoABIAeTCH Sead MYTb. 
Bpomuposaune. K ssapecn 0,3r VI (X = H)B 10 ma nensHolt y 
CyCHOM KHCJIOTHI NpHOaBasaioT 10 Kaneb OpOMa H KHNATAT NO pacTBOpeHUA OCE 
Ka. Uepe3 HeCKObKO MHHYT BbIMayaeT Opanxesblli ocanok VI (X = Br). E 
KPHCTAaIU3yIOT H3 WeqAWOH yKCycHOl KucmoTHI. T. mu. 240° (6ypHoe pas0x 
Hue). He pacrpopsetca B OOBIUHBIX OPraHHYeCKHX PaCTBOPHTeEIAX, TPYHHO p< 
TBOPAeTCH B JIeMAHOH yKCYCHOH KuHCIOTe HM OpOMHCTOM 9THVIeHe. | 

Hatineno %: N 4,11 

[(CigHsOaS2No. Buruncneno %: N 4,14 


{ 

Hutposaunue. K sapecu VI (X = H)B seqnHow yKcycHol KucHO 
IIpHOaBJIAIOT HECKOJIbKO KalleJib JbIMAULeH a30THOM KucuOTH (d 1,5) u Harp 
BaloT JO KHMe€HUA; a3HH NOCTeMeHHO NepexoguT B pacTBop. IIpu oxmaxKyeH) 
BbIMaaoT APKO-KeTHIe Kpuctamabt VI (X = NOs). T. ma. 168° (co BenpnKol 


Haiigeno %: N 12,34 
CygH})0gS2N4. Beruncueno %: N 12,44 


PwoKcKHH MOMHTeXHHUeCKHH HMHCTHTYT Tlocrynusio 


PwoxKCKHH MeQMUMHCKHH HHCTHTYT 29 IT 1960, 
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XHMH A 


B. A. MOHOMAPEHKO, E. Ml. 3AXAPOB, H. A. 3AMOPO)KHbIN 
M 4seH-Koppecnonyent AH CCCP A. Jl. METPOB 


OB OCOBEHHOCTSAX 3¢MEKTA CHJINJIbHbIX PPYTIT 
XJIOPHPOBAHHE AJIKHJIXJIOPKPEMHAHP APH AOB 


Bauanve Npupogbl CHIMIbHbIX HW TepMUJIbHBIX rpynm RsM (M = Si, Ge), 
Korma R ABIAeTCH aKHJIDHBIM WIM apHJIbHBIM pawuKaJIOM, Ha XHMMUECKHE UM 
usuyeckue CBolicTBa’ KpeMHUli- uM repManHuiiopraHHyeckux coeqMHeHuH u3syya- 
MOCb MHOFOKPaTHO. SHAYHTEbHO MCHbIUe WIM BOBCe He ObIIH W3YYCHbI B STOM 
OTHOWEHHHM CHJIMJIbHbIC H FCPMHJIbHbIe TPyNNbl, CosepKallue aTOMb! BOMOpORa 
WM rasorexos R,,X3_, M(X = H, F, Cl, Br) (+ 2°). Cuctematnueckoe n3syyeHne 
apekTa HMeCHHO STHX Ipylil MOsBOHIO HaM YCTaHOBHTb HeKOTOpble OOmIHe 
OcOOeHHOCTH NPOABJICHHA UX BIIMAHMA B CPH3HYeCKMX HM XMMHYECKNX CBOMCTBAX 
pala OpraHnyeckuXx ruypHAOB u ramoreHugOB KpemMHuA u repmaHua (°*). Stu 
OCOOeHHOCTH CBA3AaHbI B MepBYy!O OYepeMb C HHAYKIMOHHEIM BIHAHHEM CHJIMJIb- 
HOW W repMHJIbHOM py Ha CBONCTBa Kak OnMKalWUX, Tak u Coulee yaJIeHHbIX 
OT KpeMHHA CBaA3eH. Bmecte c TeM OKa3aJlOCb, YTO IPH 9TOM B H3YYeHHbIX HaMy 
DaMKaJIbHbIX HW IIEKTPO*UJIbHbIX PCAKUMAX OMPeNeICHHY!O POJb UpaeT TAKE 
OTMCYeHHBIK MW QIa rpynn RsM crepuyeckul stekT aTOMOB HW py, CBASAHHBIX 
¢ KpemHvem u repManuem. M, wakonell, cNemMpuka peakUHOHHOM cnocoOHocTu 
M3YUYCHHBIX HAMM COCMMHEHHH, TAK Ke Kak H COeAHHEHHH, COMeEPpRaUIMX PpyMbl 
RsM, 3aBucut or cnoco6uocrn Si u Ge o6pa30BbIBaTb KOOPAHHAMHOHHbIe CBASK 
(c yuactuem 3d-op6ur). 


Vea Ou waaut 
«KOHKYypHpyiculee» POTOXHMHYECKOE XJOPHPOBAaHHe asKUIXIOPKPeEMHHUTHAPHAOB SO.Cle 


mpH 37—40° 
5 2 
eS 
z a” 
= yee emer mM S neon 
B Aw | ad Oe o . A HR 
Sa eel | esa ea Eo Ax ie as 
oe ee 2 cae a 
Ry co a ey a We io pals) EN) 
OO he 1h Ore ee ore “eg 
ajo. | <Q <1 <Q <Q 
Bae uponron xulopupospa- | 90 84 69 86 5 82 
Hua A, ? 
Buixon NpOwYKTOB XJIOpupoBa- 0 0 | He 6onee | He 6onee 0 55 (C2H,)2 SiHC1 
Hua B,% 20 8 10 (C2H;)2SiCl, 
Konuuecrzo A, ne BcTyMHBWerO 0 0 | He Gonee | He Oouee 60 0 
_B peakiuio, % 20 7 
Konuyectso B, ne Berynupmero 50 89 57 69 85 0 
B peakiHIO, % 


Pa3BuBad 9TO HallpaBeHHe B JaHHOM HCCJIeqOBaHHH, Mbl OCTAHOBHJINCH, 
BO-IIEPpBbIX, Ha (POTOXHMHYECKOM XJIOPHPOBaHHH AJKMJICHAHXJIOPHAOB PAA: 
(CoHs)2SiH2, (CeHs)sSiH, (CHs)(CeHs),SiH, (CHs)(C2Hs)(CI)SiIH, (C2Hs)- 
(Cle)SiH, (CHs)(Cl)2SiH u ClsSiH —c momonip10 SO2Cle B ycoBHAx, paspado- 
TaHHbIX HewaBHo BoponKosbim uv JLaBpiyqosol (1%). Bo-BTOpbIx, Hac HHTeEpeco-- 
BaJlO H3YYCHHE BJIMAHHA JJICKTPOOTPHMAaTe/IbHOCTH ATOMOB XJIOpa, a TAKE al” 
KHJIbHEIX H apWJIbHEIX TpyM Ha KoseOaTebHbIe YACTOTH! CBASCH Site ie 
B HEKOTOPbIX MOHO- H JHrMApHyaxX KpeMHHA. . 

Ha ocHoBaHHu NOsyueHHbIX HAM PaHee pe3yJIbTATOB NO OPHeHTUPYyIOuleMy 
M cra6ususupylouremy sddbextam Ry (X)3—nSi-rpyM MOKHO O10 omupaTb, 
4TO mepexoy oT (C2Hs)sSiH k ClsSiH fosKeH peskO yMCHbIMATb CKOpOcTb (poTo 


Xumuyeckoro xopupoBanua cBaseit Si — H yKasannoro paga KpeMBuNrnApH 
9* 619) 


nop. Kak moka3pipaloT JaHHble TaOvI. 1 MO «KOHKypupylouleMy» XJIOPHpOBaHHt 
9THX KPeCMHUMTHAPHAOB, TaK OHO OKa3alOCb H Ha CaMOM Jee. 

TakuM 06pa30M, pA OTHOCHTebHOM AKTHBHOCTH JIA STHX COCMHEHH) 
MOJIHOCTbIO COOTBETCTBYeT PAMLY BOSpacTalouleH I/IEKTPOOTPUMaTeIbHOCTH C 
JIMJIBHBIX Fpynm (cM. Ta. 2). 


Taobdauna 2 


: —1 
VSi =H ; CM 


Kpemuulrug pug Xe WcrouHuk 
aKcnep. BbIYHCI. A 


ee 


Cl,SiH 2,235 2257 2260 —3 (°) 


CH,SiHCl, 2,188 2244* 2212 +2 Hau 9kcnepuM. 
C,H,SiHCl, 2,182 2204 2.206 —2 (8) 

(CHs) (C2H;) (Cl) SiH 2,135 2161* 2158 +3 Hau. skcnepuM. 
(CsH,)2 (CH) SiH 2,082 2103* 2105 =o >) 1 aMS 
(C2H,)s SiH 2,076 2098 2.099 = (*) 

(C.H;) (CsH,)2 SiH 2,078 2100* 2104 —1 Ham. 9kcnepuM. 
(CH) (CF;CH2CH,) (Cl) SiH 2,149 2170* 2173 —3 » » 
(F;CCH,CH,) (CH3) SiH 2,121 2148* 2144 +4 » » 
(#-CF,C,H,) (CH3) SiH 2,126 2152* 2149 +3 » » 
(n-CH,C,H,) (CH) SiH» 2,445 21 43% 2138 +5 » > 
(CH,=CH) (CHs) SiH 2,117 2144* 2140 +4 » i » 
(C.H,)2SiH2 2,104 2130* 24124 +6 (7) 
(F;CCH,CH2),SiH 2,118 2139* 2444 <i Haul 9kcnepuM. 


* CmekTpbl K.p.c. ruapHgo3 Oslmu cuatet H. C. Augpeessim, 3a 4uTO MbI eMy BbIparkKaen 
OnaroyapHocrh. 


IIpu anause STHX JanHbIxX OOpailaeT Ha CeCOA BHAMAHHE TakxKe TOT cakT, UT! 
XJIOPHPOBaHHO NosBeprawics JIMWb cBA3H Si — H, Ho He cBa3H C—H an 
KHWJIXJIOPKPCMHHMIHAPHOB, XOTA uU3BecTHO (14), YTO B TeX Ke yCOBHAX MocMeL 
He B IPMHUMMe TaKKe MOFyT XJIOPHPOBATLCA.OTO pa3sM4yNe B MOBECHHM CBA 
seu Si — H uC — H, kak yxe ormeyasocb panee (!?), cBa3aHO CO cnelupuKol 
cpa3sH Si —H wu camoro aroma KpeMHHA, KOTOPbIM B OTIM4He OT yramepon 
OOaaeT MOBbILMeCHHOH SIeKTpOPHJIbHOCTbIO (yuacTHe 3d-op6uT Si B o6pa30 
BaHHM WepexofHoro KOMmMseKca). 

Ha OCHOBaHHM STHX JaHHbIX MOMKHO ObIIO OKNLAaTb, YTO (OTOXHMUYECKO 
pafukaJIbHoe XJIOpMpOBaHHe C MoMOULbIO SOz2Cle AMSTHICHIaHa JOJKHO Opis 
MIPHBOAUTb K OOpas0BaHHW, B OCHOBHOM, (C2Hs)2SiHCl. Sto morso uMeTb MecTO 
OaroqapA pasM4MAM B HHYKUMOHHOM uM CTepHyecKoM 2dbeKTax aTOMO! 
xJlopa*, BOOposa UM aIKWJIbHBIX Ppynn, cBAsaHHbIX c Si. IIpu xmopupoBannl 
(CoHs)2SiH2 gelicrBuTreibHO Obl MowyYeH JMUIb AusTHIXNOpcunan. AHano 
PHUHbI PesyJIbTAaT MbI MOY Ip «KOHKYPHpyIOUleM» XJIOPHpOBaHUH CMeC! 
(CeHs)2SiHe wu (CaHs)sSiH. 

Pa3snemeHue MHAyKUMOHHOrO, CTepuyecKoro HM Apyrux 2s@pekTow rpynnt 
R,X-gnSi U3 JaHHbIX 10 peaKUMOHHOM CNOCOGHOCTH ABIAeTCA 3aTPYTHUTeCJIBHbIM 
B Kakou-TO cTelleHH pellleHulo STOH COKHOM 3aqayM MOryT MOMOUb aHHbl 
M0 KONeOaTeIbHbIM YacTOTam cBaA3el Si— H, Koroppie, KaK Hamu ObIIO OKa 
3aHO panee (7.8), ABIMIOTCH YYBCTBUTCbHBIMA K M3MCHCHHIO MHYKIMOHHOM 
BO3eHCTBHA ATOMOB M py, CBASaHHbIX C KpeMHveM. HanGovlee npaBHJbHbIM 
AA Mepexoga OT KoMeOaTeIbHbIX YACTOT K 3JIEKTPOOTPHaTebHOCTAM, HO Ha 
Ie€MY MHeHHIO, ObIIO Obl UCHOb3OBAHHE TPyMNOBLIX SeEKTPOOTPHILATeMbHOC 
TeH CHJIMJIbHbIX rpynn. OAMH H3 TaKMX 9MMMpHYeCKHX MeTONOB ObLI TIpelO 
2%KeH B 1957 r. (1°). OcHoBbIBaaCb Ha HEM, MbI BbIBeJIM HeqaBHo (4) Goslee mpocry! 
SMMMPHYECKY1O 34BHCHMOCTb MEK Ly KONeOAaTebHBIMM YaCTOTAMH (v) H BeMUMHE 
MH SJIEKTPOOTPHUAaTeIbHOCTeH CHJIMJIbHBIX Tpymn, a MMeHHO vy = 4- X,, rgev — 
BaJleHTHad KOJIeOaTeIbHad yacrota cBa3H Si—H xu Si —D, A — nocrosr 
Had BemMunHa, paBHad 1011 ana ruqpugon u 734 — yna pefitepunoB Kpey 
HUA, a X,_ — spPeKTHBHaA 9WJICKTPOOTPUMaTeIbHOCTh CHIMAbHOM rpynntp 


* 


Banaue atomos XJOPa, CBA384HHBIX C Sig MpOXABJIACTCA, OUCBHAHO, HE TONbKO B TON 
4TO OHH YKpeNJIAIOT CBA3H Si— H, hous TOM, 4TO OHH CHJIBHO OTTAJIKHBaIOT BeAyue peak 
UMt0 aTOMbI H HOHbI XJIOpa OT PeaKUMOHHOTO WeHTpa. 
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MEKTPOOTPHWLAaTeIbHOCTh CHJIMJIbHOH PpyNNbl pH STOM paccCMaTpMBaeTCA Kak 
yMMa BJIMAHHM TpeX 3aMeCTHTeNeH, CBASAHHBIX C Si. Mcnoub3ya sto ypaBue- 
HHe MH HafexKuble JaHHble MO KOJeOaTeJIbHbIM YacTOTaM cBA3eH Si — H, u3Bect- 
HBIC H3 JIMTepaTypbl, a Tak2%Ke NOYYeHHbIe HAMM JWIA WCCIeEOBaHHbIX THApH- 
HOB, MOXKHO BbIPasHTb B KOJIHYECTBEHHOH (POpMe BJIMAHHE 3aMeCTHTeNeH, a HMeH- 
RHO: 


5 
Uy 
| 
: 


CyHy u30-C3sH, C.Hs C3H, a CoHis CHs, 


(0,684) (0,687). (0,692) (0,693) (0,698) 
n-CHs3CgH,, CsHs CH, 2a (ClS{ = 
(0,700) (0,701) (0,702) 
FsCCHeCH, — M-CF3CgHy CIC He H 
(0,706Y (0,711) (0,717) (0,747) 
Br Gl en CN HF,CF,C — 
(0,737) (0,745) (0,753) (0,759) (0,770) 


OhhekTHBHaA BICKTPOOTPHUATEMbHOCTh APyPMX CHAMWIbHbIX Tpynn ompe- 
JeNAeTCA CJIOXKEHHEM STHX BEHYHH WIA TpexX 3aMeCTUTeeH, BXOJAWIMX B Wan- 
Hy!0 CHJIMJIbHy!IO Tpylily. S3HayeHHaA KONeOaTebHbIX YaCTOT cBA3eH Si — H 
jum Si — D serko Haxo,ATca NO MpHBeqeHHOMy Bbllle ypaBHenuto. M3 ,aHHblXx 
'Ta01. 2 BHO, YTO BbIYHCJICHHBIC TAKUM OOPa3OM UM SKCIepHMeHTaJIbHbIe 3HAaYe- 
}HUA KOseOaTenbubix uactor cBa3seH Si — H copnagator mocTaTouHO XOpOLo. 


4 


QKCNeCPUMCHTANTLHAAH wWactTh 


1 Tu-(m-Tpugmtopmetuahbenua)-cuaanu (I) nonyuer 
Ip B3avMOJeHCTBHH TPHHbAPOBA pearenta, MpHroOTOBJeHHOTO u3 98 © m-OpoM- 
OeHs0TpudTopuyza uv 16,1 r marnua B adupe, u 13 r ANXNOpCcHana B TeyeHHeE | 
yaca mpu —o°. Iloce kunauenusa cmecu (1 vac), pa3smoxKeHHA BOON u O6bINHOH 
oOpa6oTKu MosyyeHo 25,8 r (63%) (I), T. Kum. 125—126° (12 mm), n29 1,4806; 
di 1,2927.8MRp natizeno 70,46;¥Bpruucueno 70,62. 

Hafizeno %: C 51,93; 51,70; H 3,18; 3,12; F 35,82; 35,34 
CygHipF 6Si. Bersncneno %: C 52,50; slat Silt F 35,69 
13 npoxykTow peakuny BbieseHo Take 0,7 r m- CFsCgHsCOOH c 7. kun. 
125—126° (12 mm), T. mu. 104° (u3 cnupta), OOpas0BaHne KOTOPOH MpH 3TOM 
TpyqHO OObaAcHHTb. BanenTHasd KOJeOaTebHaa yacToTa K. p. c. cBasH Si —H 
4(vsits) y (1) papua 2161 cmt. 

2. Tu-n-Troauacuaan (IJ) nonysens ycnospunx onpita 1u3119,7r 
n-OpomTosyoua, 19,44 r Marnusa vu 28,5 r Auxsopcnana B scupe. Brrxog (II) 
46 r (74%), T. Kum. 137—139° (6 mM), n% 1,5731; ad? 0,9836. MRp Haliqeno 
71,14; BprauceHo 70,44. 

Hatigeno %: C 79,16; 79,20; H 7,34; 7,43; Si 13,30; 13,43 
CysHi6Si. Buruucneno %: C 79,19; H 7,60; Si 13,21 

Tlonyueno TaKxe Hemnoro n-CHsCsHa — CgHsCHs-n c T. a. 120—123° 
(u3 cnupta). vsin y (II) papua 2143 cm}. 

3.Buc (y, %,Y-Tpud@Topuponua)-cuaan (III) nonyyen us 38,3r 
3-xnop-1,1,4-tputopnponana, 12,2 r marnua u 21,8 Pr AuxnopcHnaHa 
B abupe B KommuectBe 8,7 r (27%). T. Kun. (III) 45,5° (33 mM), ny 1,3436; 
a? 1,1928. MRp ualigeno 39,78; Bermmcneno 40,24, 

: Haiimeno %: C 32,21; 32,08; H 4,32; 4,55; F 50,70; 51,03 

CeHipFeSi. Buruncneno %: C 32,14; H 4,50; F 50,84 

Ysi_ III) papua 2152 cw}. 
| ¥ kh. ji PM Os oe tr ne Geawoncuman (IV) togwyyex 
B ycnopuax onpita 1 u3 67,5 r m-OpomGeH30TpudropHsa, 11,9 r MarHna u 
/26 r mervixmopcunana B scbupe B KosnyectBe 32,5 r (57%). T. cea 
1,20 20 - di° 1,1042. MRp uailizeno 45,91; BbruucaeHo 46,08, 
; ae ee C 50,61; 50,55; H 4.99: ANGHea BD 8sDoe 20,00) 
CgHpSiFs. Brmucneno %: C 50,51; jal ALTE F 29,97 
ysi-nh y (IV) pana 2152 cm. 
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5. Metua-n-Toanacuaan (V) apuroropied u3 96 r n-Opomronyosa 
17,01 r marnua u 35 r Metuaxsopcniana. Borxog (V) 36 r (60%). T. Kun 
63° (18 mm), n° 1,5109; di° 0,8817. MRp Haligeno 46,28; Beruucaeno 45,9¢ 

Haiineno %: C 70,77; 70,68; H 8,77; 8,73; Si 20,00; 20,00 
CsHy2Si. Buraucneno %: C 70,53; H 8,88; Si 20,59 
ysi-H y (V) papua 2143 cw?. 
BpijesieHo, Kpome toro, 17,2 r KpucTamM¥ecKoro Au-N-TOMNA. 

6. Merua-7,7, 7-TpubTropnponuacnaan (VI) nomyyex u3 39,8 

3-xmop-1,1,1,-tpudropnponana, 12,16 r MarHua uw 20,3 r MeTHAX/CpCHaHi 


B aupe B KomMuectBe 22 r (51%). T. Kun. 58,2° (759 mM), np 1,3408 
3° 0,9802. MRp natinzeno 30,47; Bpruucseno 30,89. 

Haiineno %: C 34,02; 33,73; H 6,33; 6,33; F 39,92; 40,40 

CyHpSiFs. Brruciteno %: C 33,79; H 6588; F 40,0¢ / 

ysi-n Juin (CHs) (FsCCH,CH,)SiH, papaa 2148 cm’. 4 

7. MetTuaBuununacuaan (VII). K BuHnaMarauHOpomuzy, mpuro 
ToBeHHOMy “43 40 r Opomuctoro Buna u 9,7 Fr MarHuA B TeTparuypodpypant 
B Teyenue | vaca MpuOaBaasica pactBop 25,4 r MeTHJIXJOpCusaHa B TeTparuape 
tbypane. Ilocae s3apepmienuaA peaKWMu pM KOMHaTHOM TeMIepaType pacTsopP 
T@Jlb BMeCTe C HU3KOKHMALLMMM MposyKTaMu OTroHAICA. BigeneHo 9 r (40% 
(VII), T. Kum. 13,7° (757 mm), nf 1,3920, di 0,6769; MRp naligeno 25,38 
BbIyHcmeHO 25,70. Voi Waa (VII) paBHa 2144 cm™?. 

8. «KoHKypupywomee XAOpHpOBaHHe KpPeMHUH 
rUApUAOB. XAopucrei cyiLpypul HW KPCMHHMTHAPH ALI BBOAMJIMCb B peal 
MIO CBexkKeleperHaHHbiMu. MosapHoe COOTHOWeHHe peareHTOB KpeMHUHTH; 
pum (A): Kpemuulirugpug (B): SOeCle= 0,25: 0,25:0,25, 3a ucKmouenue 
cmecw (C2Hs)3sSiH u (C2Hs)2SiHe, rae A: B : SO2Cle Onito 0,2 : 0,2 : 0,4 me 
wei. PearenTbl 3arpyKaucb B KBapleBy!0 KoOJIOy, CHaO*KeHHYIO TepMOMeTpO 
H OOpaTHbIM XOJIOAMJIbHUKOM. Cmecb HarpeBasiacb 0 37—40° mpu ocBemleny 
ptyTHow smamnou IIPK-4. Konen peakuMu onpeseasicad TO MpeKpallleHHto BE 
WeeHuA ra30B (3—5 yac.). OT cMeCH MpOAYKTOB Ha Fa3s0BOH KOJOHKE OTAEMAJC 
SOz, OCTaTOK pa3roHAJICA Ha OOBIYHOM KOOHKe. PesybTaTbl pasroHKH pe) 
cTaBJIeHb! B Tadu. 1. 

Suepruunoe xsopupoBanue 8 r (0,09 moma) (C2Hs)2SiHe 14 r SOsCle mpore 
KaJIO y>Ke IIpH CJIMBaHHM peareHToB. EXQMHCTBEHHBIM IIpOLyKTOM XJOpMpoBaHy 
Opt (CeHs)eSiHCl (41%). I[meTunguxnopcuiaH O6pa30BacaA B HHYTORKHO 
KOJIHUeCTBE. 


Viuctutyt oprauuueckoi xumuu um. H. JI. 3emnucKoro Tocrynuso 
AxayemuH HayK CCCP 17 II 1960 
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Toxnagp Akagemun nayr CCCP 
1960. Tom 132, Ni 3 


XHMH§1 


Axanemuk AH TayxCCP K. T. MOPOLIMH, 10. H. XYPrHH u M. I. JMATPHEBA 


PUAPOJIM3 r-HATPOPEHHJIOBbIX IPHPOB FJIMLMHA, 
PIMOMWJIPJIMWMHA AW AMP JIMWMJIPJIMWWHA 
MW WX KAPBOBEH3OKCHMPOM3SBOAHbIX 


[WaHOMeTHJIOBHIe, N-HATPOeHMVIOBbIe, THOPEHUJOBbIE H Pye «aKTHBUPO- 
BaHHble» SPUPbI A-AMMHOKUCJOT MH NeNTHAOB HAaXOAT WMpoKkoe HPHMMeHeHHE B 
TlelITHAHOM cHHTese (',?). Uepe3s akKTHBHPOBAaHHble SPUPbI G-AaMMHOKUCJIOT H Mell- 
WTHAOB OblIO CHHTESHPOBAHO 3HAYHTEIbHOE KOJIMYCCTBO CJIOMKHIX H OnOMOrHue- 
€KH BaKHbIX elTHgoB. TakuM lyTeM, B 4YaCTHOCTH, Ob CHHTe3HpoBaH 
HOHANeNTHA, OOaqaoulMH OKCHTOWMYeECKOH AKTHBHOCTbIO (OKCHTOMMH (3). 
BHyTpuMOueKy APpHad KOHCHCALMA AKTHBUPOBaHHbIX S¢SPUpOB MeNTHAOB ABMJIACb 
YAOOHEIM MeTOJOM NOyYeHuA WHkKIMYeCKHX NenTugzoB (°). SroT Mero Obi HC- 
MOJIb3OBaH, HallpHMep, IipH cuHTese rpaMuunsuna C*, anTuOGuoTuKa, uMetoulero 
CTpOeHHe WHKIHMYeCKOrO eKallenTHga. Kpome Toro, akTHBUpOBaHHble IPupbI 
TleMTHAOB MOryT ObITh HCMOMb3OBaHbI B KaYeCTBE MOHOMEPOB B peaKI[M MOJIU- 
KOHJeHCAalMM JIA NONYYeHUA BbICOKOMOJICKYJIAPHbIX MelNTHAOB C MpaBHJIbHbIM 
yepemoBaHHeM aMMHOKUCIOT (°). 

BuaarojapaA cpaBHuTebHOM MpocToTe NowJyyeHuA HU pay Apyrux ocobeHHo~ 
-cTel, Bce Ooubillee paclipocTpaHeHue B NeMNTHIHOM CHHTe3e MpHMoOperawwrT B M0- 
culeHee BpeMA N-HUTPOdeHUMOBbIe SUPbI AMMHOKUCIOT u HenTHAOB. JlononHH- 
TeCJIbHbIM MHTepec K 3THM COeTHHEHHAM ObIJI IPMBIeVeH TakxKe HU MOTOMY, UTO 
| N-HUTPOeHHJIOBbIe SUPbl AMMHOKUCIOT HM Wpyrux OpraHHyecKUX KUCJIOT OKa- 
3aylucb HeCiemuduyecKuMu cyOcTpaTaMu psa rMApouHNTHYeCKUX epMeHTOB. 
n-Hutpodenusiospie apupbt N-KapOoOeH30KCHNpOM3BOAHEIX PIMUHHa MU THPO3H- 
Ha, YKCyCHOH WH ApPyrnx OpraHHyecKHX KUCJIOT OMHOBPeCMeHHO ABJIAIOTCA Cy6- 
¢<TpaTaMM TpHICHHa, XMMOTPHMCHHa, TpoMOuHA HM Apyrux acTepas (*); N-HUTpO- 
4PCHUJIOBbIe SPUPbI CepHOH UU GocPopHOH KUHCJIOT HHTEHCHBHO FHAPOM3yIOTCA 
HeKOTOpbIMH cocdatTa3amu (°) u cybtaTasamnu (°). 

IIpuMenenue f-HHTPOeHUVJIOBbIX SPUPOB B KayecTBe CyOCTpaTOB JIA 9CTe- 
pa3 OKa3asocb OCOGeHHO YOOHBIM OslarofapaA pe3KHM OTJIMYMAM B MOJOKeHHU 
mlosoc Morsomenua 2bupa uM MpoxyKta ero rugpom3a (n-HMTpodexnosa), uTo 
TIOSBOJIACT MPOBOLHTb CHEKTPOOTOMeTpHYecKOe H3y4YeHHeE KHHETHKH (cbepMeH- 
TaTUBHOFO ruspomu3a. CpaBHUTeJIbHad MpOcTOTa MH TOUHOCTh CieKTpoOoTomerpxH- 
YeCKOFO MeTOa MO3BOJMJIH HAKONUTb 3HAYHTeEJIbHOe KOJIMYECTBO JaHHbIX O KH- 
HeETHKE JleHiCTBUA 9CTePa3, YTO CNOCOG6CTBOBAIO HELaBHHM JIOCTHKeEHHAM B U3y4e- 
HH MeXaHH3Ma JelcTBUA STHX (PEPMeHTOB HM CTPOCHHA UX AKTHBHOYO LeHTpa (1°), 
coepKalllero CepHH H rHCTHAHH. B pesyubTate sTOrO Obl] OTKPbIT H M3y4eH Me- 
XAHH3M HMHas0I0BOrO KaTasIv3a THApOMH3a CMOKHEIX supoB (1*~1*), 

Oguoti u3 PiaBHBIX cTaquH OvocHHTe3a OeKa, Tak Ke KaK HM IPH CHHTE3e 
Me€NTHAOB, ABJIACTCH AKTHBUPOBaHue KapOOKCHJIbHOH TpyNMbl, HO Mpoxopauyee 
B BOAHOM Cpese B 3HAYHTEIbHO Cosee MATKUX ycuoBuAX. I]pH OMocHHTese aKTH- 
BUPOBaHHe KapOOKCHJIbHOM TpyMMbl MpoxoAuT nyTem pacnaya amMMnoaliusaye- 
HUaTOB — COe(MHeEHHM POACTBEHHbIX AKTMBHPOBaHHbIM 3cpupaM d-aMMHOKUC- 
JIOT, 6IM3KHX K HUM MO CBOMM XHMMUeCKHM cBOicTBaM. IlosTomy u3yyeHHe pe- 
AakUMH AKTHBHPOBaHHbIX 2PHPOB G-aMHHOKUCJOT M MeNTHAOB B BOAHOK cpeje 
B yCNOBHAX, OH3KUX K PU3SHOMOFMYeCKUM, MOXKET ObITb HCMONb3OBaHO pH MO- 
Ae@IMpOBaHHH OMOCHHTeTHYeCKUX IIpOLeccos. 

Hacrosmaa pa6ora MocBallleHa HCCJIENOBAaHHIO YCTOMYMBOCTH N-HUTpoeHxus10- 
BHIX 9PHPOB PIMIMHA, MIMIMITIMIMHAa M AMPIMUMrAMiMHa MUX KapOobeHs- 
OKCHIIPOM3BOAHbIX, 10 OTHOWICHHIO K OCHOBHOMY THApPOJIM3y B BOAHOH cpere. 
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B cBA3H C OUCH HH3KOl pacTBOPUMOCTHIO N-HUTPOeHHJIOBbIX aPHpOB B BY 
je THApOHS USy4aJICA B BOLHO-CIMpTOBOH cpese (50% mo o6bemy), MpH MOcTy 
AHHOM KOHIEHTPalluH THAPOKCHJIbHbIX HOHOB, KOTOPas o6ecneuMBaslach MpHM4 


Henvem Gydepxbix pactBopos. Msyyenve xoa THAPONH3a BO BPEMCHH IPOBONy 
NOCb CI€KTPOPOTOMeTP Hye} 


0 “s : a Kum MeTonom. M3 nouyyel} 
08 ie HBIX J{aHHbIX PaCCdHTbIBE 

d , JIMCb KOHCTAHTbI CKOPOCTY 
06 6 rHApOH3a AKTHBAUPOBaHHby! 

i 3(PHpOB, KOTOPbIe ObWIH UG 

3 MOJIb3OBaHbI JIA OWCHKH My 

g4 Of OTHOCHTEbHOM peaKkUHor) 
HOH cmocoOHocTH. CiupTa 

| { BbIe PaCTBOPbI N-HUTPOenH 
a ® JIOBLIX S3*—PUPOB OPOMrH patos 
2 g2 TIMWMHa, PvMP IMaHal 
UX KapOo6eH30KCHMpoHsBoyt 

1 \2 HbIX H KapOo6eH30KCHAHI VIA 

WHHa CMelIMBaIHCb C paBy 

a g 2 BOnur.0 20 40 60 BOMUK. veepe (UIE) oft 7.20 Tae 
Puc. 1. Tuqpomus n-nutpodenuonylx sdpupos Opomruy- : | 
patos (a) H KapOo6eH30KcHnpousBoqHEIx (6): 1 — ran- NTO KOHEUH As KOMNEH Aa 
wna; 2 — rauuasraununa; 3 — quranuuaraununa; 4—  %Pupa cocTaBAAsa 10-* mo: 


n-HUTpodeHusalerata; B CHCTeMe docdaTHEIit Sydhep (pH wn. [leper cMelluBaHHey, 
7,2) pe (Ly BE e = |—e’ — KoHUeHTpa- T1pOM3BONMOCb U3MepeHHE 
IMs Tpoe a Fea athe uX Havalb-  cnekTpa MOFIOUleHHA CIMp- 

TOBOrO pacTBOpa N-HHTPO- 
tbeHuOBOrO apupa MU MO OTCyTCTBUIO MoOMOCchI Norjomenua 4 315 mu Mmpo- 
BepsJIacb COXpaHHOcTb supa. Jaa pactsopenua Opomrugpata n-HuTpodenu0- 
BOrO Supa AMPIMIUMITIMUMHAa HeEOOXOAUMO IpeqBapnTenbHOe HarpeBaHHe, TO 
COMPOBO*KLaeTCA HEKOTOPbIM THAPOMN3OM, rvlyOuHa KOTOpOrO, Tak 2%e KaK KOH- 
IeHTpaluA HeErMAPOMM30BaHHOrO B CMUPTe supa, U3MepsMacb MO CNeKTpy Mo- 
raomenua. Ilpu cmelimBaHuu ClMpToBoro pacTBopa akTHBHpOBaHHOTO abupa 
c OycbepHbIM pacTBOPOM IIpoucXOAUT pasorpeBaHue, NOSTOMY CMeIUMBaHHe Mpo- 
U3BOJMJOCb pH TemMepatype 24,5°, yem oGecequBayoch MpoBeyeHHe BCero 
olbita mpu 25°. 

Ilocuie cMellMBaHHxA CHMpTOBOrO pacTBopa c 6yepHbIM CMeCb 2HEPrHyHo 
BCTPAXMBAJIACb M HEMe/IEHHO NepeHOCH/lacb B KIOBeTy cHeKTpodoTomerpa 
C®-4,. Bo propo KiopeTe HaxOfMacb CMeCb paBHbIX OObeMOB: CHMpTa H 
(pocatHoro Oydepa. OOe KioBeTbI 3apanee Nomelaucb B TepMocTaTHpoOBaH- 
HbIf pH Temnepatype 25° MeyHbIH OOK, Haxo_aMlich B KIOBeETHOM oTJe- 
JleHuM cilekTpotbotomerpa. Bpema of cMelmmBaHUa cocTaBHbIX yacTeli peak- 
IMOHHOM CMeCH JO CHATHA TepBoro NoKasaHuA He HpeBbiano 30 — 40 cex,. 
HismepeHua npopoqumch pH jviwHe BomHE! » 405 mu, coortBercTayionlet 
MaKCHMYMY OFJOWeHHA N-HuTpodenouATHOHAa. LVnyOuHa rufqpomusa paccun- 
TbIBaIaCh 10 (opmMyvie e = (Ey— E(t))/ Ey, rae E — onruyeckaa norHoctTp 
pacTBopa, WHACKC M yKas3bIBaeT Ha 3aBeplleHue TuApomM3a (MaKCHMaJbHaA 
onTHyeckasx moTHOCcTh). IlonysorapudmMuyeckan aHamopdo3a 3aBucuMocTH’ @ 
OT BPCMe€HH NOKa3bIBaeT, UTO THAPOAM3 n-HUTpPOPeHHAOBLIX scupoB, Kak HU 
OKUMAOCh JIA PAaCTBOPOB C NOCTOAHHOM KOHMeHTpallel Tu pOKCHIBHbIX 
MOHOB, IpOXOAMT To NepBomy uopsyky. M3 npwBeyeHHpix na puc. | ,aHHBIx 
Obl paCCUHTaHbl 9KCIe€pHMeHTaJbHbIe KOHCTaHTbI CKOpOCTH ruHspouusa 
(tTa61. 1). B tex 2e yCJIOBMAX ObIT U3yYeH ruzponNs n-wuTpodenuauerata 
(H@A) u usmepena koncTaHta cKopocTu kyoa = 5,75-1075 cex7, | 

IlouyueHHbie HaMu JlaHHble O CK. poeTH PHApomsa n-HUTpodeHumanerara 
HAaXOJATCA B COOTBETCTBHM C JaHHbIMH Apyrux apropos. Benyep u Tepu- 
KyocT (**) nomyumim sHayenve kyoa = 1,46-107§ cex, nsyyaa THA poms 
n-HUTpoeHwalleTaTa B UMUaso0BOM 6yhepe pH 7,15 upm 26,2° B 5%, 
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+ 


: 


vokcaHe.KoutyH, Kaapx u pp. (8) nonyunau pennuuny Ryoa~=1,92-10°° cex? 
dbochaTHom Oydepe pH 7,27 npu 25° B 2% cnupte. Bproc u Imup (3?) 
lia CocatTubix Oydepop B 28,5% cmupte npn 25° Ham 3HayeHHa 
Hoa = 1,14-10°° cexk? npu pH 6,9 u kyon = 4,50-10°® cex! npn pH 7,4. 
eCKOJIbKO OoJIbluad BeMIHHA kyo, = 
5,75-10°° cex?, nomyuenHas B Ha- 
TOAWeH  padoTe, BEpOATHO, OObs-C- OTHOCHTeJIbHaA CKOPOCTh THAposusa 


Ta6Oauna 1 


1 a N-HUTPOPeHHJIOBLIX 2HPOB B CHCTeMe 
- tee CKOpOocTH ruypo cnupt — hochatuni 6ydep (M/415) pH 7,20 
IM3a M-HATpoeHwalietaTa Mp MoBbI- (13:4) "npa 25° 


€HHH KOHUeHTpaluv cnupTa B peak- 
MHOHHOH cmecu. 


/ B sautepatype HeoqHoKpaTHO OTMe- PED | Re cent | ADA 
MaslOCb TajleHve yCTOMYHBOCTH CyIO%KHO- 

}OHPHBIX rpymm (HeaKTHBMPOBaHHBIX)  Bpowrugpat | 

pu Mepexoge OT KapOOHOBbIX KHCJIOT — rawnuna 1,46-10-2| 2,54-10 
| AaMHHOKHCIOTaM, XOTA KONMUeCTBEH- PIMA TAHA 5,90-10-%) 1,09-40 
MbIX JLAHHBIX 10 STOMY BOMpOcy B HaCcTO- RE ancomensorenn” dice (Os te) 
gulee BpeMa He uMeetca. Tlomyyenuple — ipyunun 4,51-40-4] 2,63 
AaMH JaHHbIe JIA AKTHBHPOBAaHHbIX /A- -T IMI JIT IMUHH 3,19 Ast Poor 
HTPOMeCHHJIOBLIX 3PHPOB AMMHOKUCJIOT -HUTIMOHATIMUMH |3,84-10-4] 6,6 


| 
| 
| M€MTHAOB HaXOATCA B Cormacuu Cc 

NMOMAHYTbIMH KaYeCTBEHHbIMM HaGJOJeHHAMU. C HanOOJIbUeH CKOPOCTbIO uz 
lex H3yYeCHHBIX COCAMHEHHH, Kak UM CEMOBaIO ORKULAaTb, PHApOMM3syerca Opom- 
japat n-HuTpodenusoBoro apupa iMuMHa; yRaseHHe amHHOrpynnb B Opom- 
; [pate supa PinWuriMunHa COMpOBOxAaeTcA CHH%KeEHHEM CKOpOCTH FuApo- 
73a IIDHMepHO B 2,5 pa3a u ipuMepHoO B 19 pa3 Mpn Nepexoge k TpunenTuzy. 
| Taku 06pa3om, C pocTOM NenTHAHOH Wenv BAIMAHHe AMHHOrPyNMbl CHWKaeTCH, 
YCTOHYMBOCTh CORKHOSPUPHOK PpyMnupoBKU pacrer, NpHOMMxKAaACh kK yCTOHYH- 
yOCTH 9scdupoB KapOouoBblx KucnoT. B pany N-KapOoOens0KCHpOu3BOAHbIX 
BaOIOaeTCA OOPaTHaA 3aBUCMMOCTH: MIpu ylavleHun KapOoOeH3OKCHJbHOH rpyn- 
I MpOYHOCTh N-HATPOeHuOBbIX S*PUPOB NafaeT (pH Mepexope OT PinWHHA 
) Aunentuyzy u Tpunentugzy). pu mepexoge oT ruimunna K NelTuyamM CKOpOcrs. 
HIPONH3a 3aMeTHO yBEMYMBAeTCA (MpaBla, 9TO pasJIMYHE BbIPpaxeHO MEHEE 3a- 
HeTHO, YeM 1A OpomrujpatoB), pasmMuHe Ke B CKOPOCTAX THAPONH3a AA Nerl- 
H4.0B CPABHHTeCJIbHO HeEBeJIMKO. BayxkKHO OTMETHTb, YTO C POCTOM Lenn pasinGne 
| CKOPOCTAX THApOMH3a N-HATPOeHHJOBLIX SPHPOB OpOMrM~paTOB H COOTBET- 
Byioulux N-Kap6o6eH30KCuNpONsBOHEIX yMeHbUaeTcA Cc pocTom menu. Ec 
WA TSIMWMHA COOTHOWeHME COOTBETCTBYIOIIMX KOHCTaHT CKOpOocTeH paBHO 
6,5, TO yKe JIA TIMUMITAMUMHAa OHO CocTaBAAeT 18,3 1 AIA DUPIMUMITIMONHa 
DIbKO 2,05. 


Muctutyt opranuyeckoli xumuu um. H. Jl. 3enunckoro Tlocrynuno 
Akaylemun Hayk CCCP 19 I 1960 
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B. M. NOTAMOB u uaexn-Koppecnonzent AH CCCP A. Il. TEPEHTBEB 
K BONPOCY O TAYTOMEPHH AMHJIOB 


O6meu3BecTHO, 4YTO y AMHJOB KapOOHOBbIX KHCJIOT MOMKET MPOABJATE 
-Taytomepua R — CONH,2R — C(OH) = NH. Hecmorpa ua To, 4To pasHbl 
UCCELOBATEAMM MpPUMeHAIUCb KaK XMMMYeCKHe, Tak HM PH3HGeCKHEe METO, 

Tsai (pepakTomerTpua, y.-(p. H H.-K. CIe 
+000 as TPbl, JHMOJIbHbIe MOMECHTHI, CH€KT 

KOMOMHAILMOHHOTLO paccesHHA),O C 
Top HeT €(MHOrO MHEHHA TO BOTIPC 
O cTpykType amugos. Colimemca 
CBA3H C 3THM, HallpHMep,Ha Ips 
IIPOTHBOMOJIOXKHb!e BLIBOAL! Tanya 
u Tpo6a u uwepa (7). Hu B Onn 
culyyae JO CHX Top He ObWIM TAK} 
PeaJIbHO BbIAeeCHbI Be (OPMbI aN 
OB. 

Mecueny 4 C MOMOLLbIO CO3,aHHOr 
HauleH sla6opaTopHuu Mpoctoro Bar 
aHTa (POTOIJIEKTPH4eCKOFO CIeKTE 
nouaApuMeTpa JMCnepcnt1o Bpallexn 
HeEKOTOPHIX MpOM3BOJHBIX OMTHYeC 
aKTHBHOPO O-PeHHJISTHJIAMHHA B YJ 
ENS coe] Wie. teaeee eae ee eee TpaduoueroBok oOacTH CNeKTpa, ? 
NOJIy WHI HOBbIe JaHHble 10 BOMpO 
O TayTOMepHH aMHOB. 

Jia cpBoOomHoro a-beHuJisTH 
amuua (1), N -6en3uu - a-cbenusiaTY 
-amuna (II), Oen3anb-a-enussTHamuna (II1) KpupBpie A@ucnepcuM sBpanleH 
MaJIO MeHAIOTCA NIpH Mepexoe OT O€H30JIbHbIX PACTBOPOB K Me€TAHOJIbHbI 
B otamune oT storo qua N-Gex30us-a-ennsstuiamuHna (IV) 3HaKk Bpallen 
Hu XO KPHBOH JUCNepcun B OeHsOuIe (KyPCHBHbIe JIMHHM) M MeTaHOse (CHAO 
HbIe JIMHHH) MpAMO NpOTHBONONOXKHbI (puc. 1): B 6ensome IV NIpOABJIAeT CXC 
-cTBO c IJ, B MeTaHone —c Ill, Tt. e., I10-BHMMOMY, B OeH30e Mpeobsmané 
JlakTaMHaA, B M€TaHOJe — JaKTHMHAaA Gopma (cp. Aanuble IO. H. MWletuKe 
‘00 AMHHOMPOMSBOAHEIX NMpHAHHA uM THasoua (3). 


eke SS 


M00" 


CoHs — CH —NH — G— CeHy = Calls —CH —N = € — Gill 
| | 


CHs O CHs OH 
CXOJICTBO C CXOJICTBO C 
CH, — CH= NH CH, = CG, He CH; =CH— NS GH = Cae 
| 
CH; CHs 


B coracu C TaKHM TOJIKOBaHHeM y O€H3OJIbHOrO MpOM3BOAHOrO aMMHa 
MOOOHBI SdpeKT pacTBopuTedtA oTcyTcTByerT (puc. 1, V), nockoubKy HeT H-a’ 
Ma y a30Ta,. CIOCOOHOrO K TayTOMepHOMy Hepexoyy. 
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TlouyueHHble JaHHble 3aCTaBHJIM HAC BHHMATeJIbHO TepempoBepHTb uMeWw- 
eCA B JIMTepaType CBeeHHA O Pa3IMYHH B TOUKAX TwaBeHHA OeH30uJI-a- 
HMJISTHIaMHHa: 122° u3 cnupta u 125° u3 murpouna (4,5). Oxasanocb, 4To 
JH Me€pe€KpHCTaJJIM30BaHHbIM M3 relTana MpelapatT, umMewuul T. nm. 128— 
9°, HeEKOTOpOe BpeMA HarpeBaTb B pasOaBJIEHHOM MeTAHOWIe, TO IIpH OXaxKye- 
M H3 pacTBopa Bbiqeaetca dopma, uMmeroulad T. Wt. 123°. Ha6mogaa 3a mpo- 
CCOM IaBJICHHA MO MMKPOCKONOM, MOXKHO BHAeTb, KaK paciaBuBlleeca 
w 123° BeulecTBO, HECMOTPA Ha MefVIeHHOe NOBHILIeHHe TeMMepaTyPbI, BHOBb 
CTbIBAe€T, a 3ATCM BHOBb NiaBuTcA mpu 128°. Tlo-puyqumomy, 3ecb BiepBpIe 
OomaeTca Mepexo AByX TayTOMepHBIX (opM — JaOMIbHOH sakTHMHOH 
. tit. 123°) B cra6umbHyto JakTamuyrto (T. mI. 128°), 
CrleKTPONOJIAPHMeTPHYeECKHH MeTOA HECOMHEHHO OKaxKeTCA MHTEPECHBIM Cpe- 
BOM H3y4eHHA HM Apyrux Cilyuaes TayToMepuu. B HacTostlee BPeMA MBI IIpo- 
OUDKaeM W3y4eHHe NOBECHHA AMHJOB, a TaK2%Ke COCAMHCHHM THMa AMHHOKPOTO- 
oBporo sipupa. 


MockoBckuli rocyapcTBeHHbI YHHBepCHTer Tlocrymus0 
um. M. B. JlomoHocosa 15 II 1960 


UHTHPOBAHHAA JIMTEPATYPA 


PoC td a tbZ.S C.li,= ber, O44,001) (1931), 2"Cl Ay Gato bh, Br bursieh ere eiehys 
fim. Acta, 38, 1794 (1955). 3 10. H. Wet uke p, JJAH, 113, 1080 (1957). 4 W. Mar- 
Mevcavliid, ReiMvet bh, Ber: 38) 80171905), = Wea Jk Pope Je Read. J. Chem Socy 
03, 451 (1913). 
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; Akagemuk A. B. TONUNMEB u E. JI. PAHTAJIOBA 


B3AMMOJIEMCTBHE HENPEEJIBHbIX HHTPOCOEAMHEHWM 
C OPrTAHHYECKHMH CCHOBAHHAMH 


Hurpoosepunbl C MosOxKeHHeEM HATPOrpynMbl y HeMpesesbHOrO aTOMA YP 
poya cofepxkaT COMpsxKeHHy!0 CHCTeMy ABOMHIX cBaAseH, cMocoOuy!o MpucK 
JIMHATb BeULeECTBAa, COJep2Kalllve NOABHXKHBIN ATOM BOZOPOJa: CNupTH!, Oucys, 
(UT, CHHHJbHYIO KHCMOTY, Opranuyeckve OCHOBaHHA HU Ap. Peakuua upeT | 
cxeme 


@) 

> C= CHNO: + RH >C—C=NC ~ >¢ = CHINO. 

RoW OTe Shy : 
B3avMOjelicTBHe HeMpeMebHbIX HHTPOCOeMMHeHHH C OpraHHyeCKHMH OCHOB 
HHAMH BlepBble HaOsofanocb [lo3sHepom (?). JleHcTBya Ha W-HHTpOCTUpE 
CIMPTOBbIM PacTBOpOM rHyzpoKcusiamuna, Tlo3snep nowyaus o-HutTpo-8-pexn 
B-rugpOCuJIaMHHOSTaH — KPHCTAJVJIMYeCKOe BeUleCTBO, JerKO pacTBopsromseet 
B pa3OaBleHHoH HCl u pa36apmenHom NaOH. Ilogpo6noe ucenenopanue pea 
HH B3aHMOJeHCTBUA W-HHTPOCTHpOJIa C OPraHH4YeCKHMH OCHOBaHHAMU OBL 
mpopezeHo Yopposem (?), KOTOPbIM yCTaHOBUJI, YTO HUTPOCTHpom B3aNMoRe 
CTBY€T CO CJIeYIOULMMH OCHOBaHHAMH: AHHJIHHOM, N-TOJYHIMHOM, PeHHJIrHAp 
3HHOM, JMeHHJITHLpasvHOM, f-HaTHJITHApasHHOM, N-TOJIMJITMApasHHOM, C 
MHKapOa3sHyOM, THOCeMHKapOa3uy0M HM TnMepHavHOM. 

Busan u Cakesapnyc (3) BnepBble NOTy4HsIH HpOAyKT MpHcoeqMHEHUA aH 
JIMHa K HU3INeMy HUTpOOepuHy — HuTposTHNeHy. Tlo3qHee, Bpa6oTte Xacca 
Pose (4), ObluIH IpHBeeHb! TaHHbIe O NpHcoeqMHeHHH aMMHAaKAa, JMSTHIAMMHA 
aHWJIMHa K HUS3INMM HUTPOONepuHAaM: HHTPOSTHJeHY, HATPOMpONMuseny u HUTP 
OyTuleny. HeckobKO JIeT HA3a,B CBASH C HCCeNOBaHNeM PeaKILMH HUTPOBAHI 
IMKJIOreKceHa, HAMM Obl BIePBbIe NOyYeH MpOAyKT MpHcoeqMHeHHA CeMUKAa 
Oasuya K HeIIpeesIbHOMy HHTPOCcoe_MHeEHHIO HadbTeHoBoro psya — l-HuTp 
munKsorekceny (°). JIA Oonee JeTabHOTO u3y4eHHA B3aMMOJelcTBUA Help 
AebHEIX HATPOCOeMHEHHH HaTeHOBOrO H ONetHHOBOTO pAOB c Oprannueck 
MM OCHOBaHHAMHM HaMM ObIWIM CCICQOBAaHBI peakWMH B3aHMOseCTBI 
[-HATpOlMKJIOreKcena CO CIeLYIOWIMMH OpraHHyeCKMMU OCHOBaHMAMH: (beHHJIT 
pa3HHOM, MOYeBHHOK, THOCeMuKapOa3H0OM, THAPOKCHJIaMHHOM, aHWJIMHOM 
N-TOJIYHUHHOM. 

Hccreqopanne 10Ka3asl0,UTO aHHJIMH HM THAPOKCHaMUH He OOpasyior KpucTa 
JIMYECKUX MPOUSBOAHIX MPH B3anMofelicTBun c l-HuTpounKsorekcenom. [Tj 
ACHCTBHH Ha 1-HUTPOMMKNOreKceH (euuJrHLpasvHa,MOYeBUHEI,THOCeMHKap6a3 
Ha M n-TOyHuHa ObWIM MOYYeHbI HOBBIe, HE ONMCaHHbIe B MTepaTyT 
KPHCTAaJIMYeCKHe COCAMHEHHA: 2-HUTPOMMKOreKCHeHHTuApasun, 2-HUTP 
HMKJIOPeKCHIMOYeBHHA, 2-HATPOUMKJOreKcHATHOCeMuKapOasHy, u 2-HNTpOUN 
JIOTEKCHJI-N-TOJY HME. 

IIpu feticrBuM Ha HUTpONsOOyTHIeH cCemukapOasuya u dennurn~pasu 
ObIIM NOJIyYYeHbI KPHCTAIMMYeCKHeE NPOAYKTHI MpHcoeqMHeHUA: HUTPOM300yTH 
cemuKap6asuy, H HUTpPONs06yTHIeHHJITuLpasHH. 
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{ IKCNeCPUMeCHTANDHAA Tai Cab 


| Kak yxxe cooOujanocb pauee B Halleli padore (5), pu yelicrauu Ha l-HuTpo- 

(KJIOreKCeH CIMPTOBOrO pacTBOpa yKCYCHOKHCOrO CeMuKap6a3uga OOpasyet- 

2-HUTPOWMKMOreKcHICeMuKapOa3sH — KpHCTamIMYeCKu MpoxyKT Mpucoe- 
HeHMA CemMuKapOasufa K |-HuTpouMKOreKceHy. Bplxoy Mpou3sBoqHOro CemMH- 
pOasuna cocraBiaeT 75% Teopun. 

B nactosujeh paOote Obli0 MOKa3aHO, YTO NPM NpHMeHeHHN BMeCTO yKCYyC- 
PKUCIOTO CeMMKapOasuya CHMpTOBOrO pacTBOpa CBOGOAHOTO cemuKapOasusa 

XO, 2-HUTPOUMKIOreKCHICeMuKapOa3Ha yAaeTCa MOBICHTb Wo 89% Teopuu. 
xoqupli l-HuTpowuksorekcenH Obl CHHTe3HpoBaH No MeTogy Jlesu, BasyoK 
Cxoip(*). Koxcrautst l-yutpouuksorekceHa ObliM CieqyiOulMMH: T. KHIM. 
5° (3 mM), 12) 1,5051; d?? 1,1280; MR ualizeno 33,43 (BpluncmeHo 32,85). 
HiT pol niroMnencnweemmkiap 6Oaenud. Kv lyfoar sco 
HOKHCNOFO CeMHKapOasHa MPHIMBaJICH HaCHINIeCHHbIM BOLHEI pacTBop 
|OH (u3 pacuera 0,9 r KOH). Beizenusuiuiica cBpo6omHpli cemukap6a3uy, pac- 
ROP AJICA B MCTHJIOBOM CMpTe M OTCaChIBaICA OT OCatKa KC]. OunbtTpat npuan- 
hica kK lr HATpOWMKIOreKkceHa. CmelIMBaHve KHAKOCTeH COMpoBOxKaOCcb 
3orpeBaHvem. ToTuac xe HayasOCb Bbillayqenue Oenoro MesKOKpUCTasuYeC- 
pro ocaj{Ka, H B TedeHue Momyyaca BCA MaCCa 3aKPHCTAIMsOBamach. Orputb- 
MOBAHHbIC Ha CJIeCLyIOUMH AeHb KpUCTaIIbI 2-HuTPOUMKMOrekcusICeMuKapOa- 
lina TULATEJIbHO TIPOMbIBAIMCb BOLOW HW STHJIOBLIM 9*UPOM HM CYIIMMHCb B IKCH- 
prope Hag, CaCle. Komuuectpo ocayka 1,4 r, uTo coctapaaer 89% Teopuu. 
HutTpouuksorekcusicemMukapOa3uq WiaBMJica c pa3omwenvem pu 162—162,5°. 
Oce MepeKPUuCTaIIH3aluu U3 9THMOBOrO CHupTta T. Ma. 163°. Haligeno N 
15%; BeluucteHo 27,73%. 

2HutTpounKkKaorekcuamentuarugpasuny. Pactsop l,l r 
RCHUJIPMApasvna B 2 MJ 9THMIOBOFO CHupTa NpusuBasica K 0,63 r l-HHTpoHKuIO- 
yekCeHa. « )KuKOCTS CTasla OpaHKeBOH, HAOTOLaNOCb JOBObHO CHJIbHOe pa3o- 
tpepanne. Uepes HeCKOJIbKO MHHYT HauyaJlOCb BbIMaeHve XKeJITHIX OsIeCTAULMX 
puctanios. Ha caexyoulul WeHb Obio0 oTdpusbTpoBano 0,85r ocayKa. Uepes 
YTKH Bbillao eule 0,18 r KpucTammuueckoro BeulecTBa. Iloce nmepeKpucta- 
IM3allMH M3 STHJIOBOTO CHUPTa KpHCTaIIb WaBuauch mpu 115—115,5° B xea1- 
fyiO 2KMKOCTb. OUMILeHHbIM NepeKpHCTaM3aluen IpenapaT 2-HuTPOWMKJIO- 
eKCHJIECHHIITHApasuHa — MeJIKOKPHCTaIHYeCKHH MOpowloK co cyja6o-%*Kel- 
bIM OTTEHKOM. IIpu xpaHeHHv HHTCHCMBHOCTb OKpacku ycusuBaetTca. YrutyOue- 
We IBeTa COMpOBOKMaeTCA NOHWKCHHEM TeMMepaTyPbI NwaBseHua. CroaBuini 
ia CBeTY IIpelapaT B Teyenne 2 MECALEB MpeBPaTHJICA B APKO-KEJITYIO KUKOCTH. 
-HuTpomuuKOrekcueHuITHspasHH paCTBOPpHM B OpraHHyecKHX paCTBOpHTe- 
ax, 10% HeSOau He pacTBopmuM B BOAHOM memoun. PacrBopenue B 10% cnupTo- 
30m NaOH compopoxaeTca NOABJICHHEM XKeITOH OKpacKH, TO CBUAeTebCTBYeT 
6 OOpas0BaHHu COM H30POpMEl. 

IIpu cMeWIMBaHHH PaBHOMOJICKYJAPHBIX KOJIMYeCTB CMMpToOBOrO pacTBopa 
PeHUITHApasHHa u |-HUTpOWMKMOreKceHa BbIXO 2-HHTPOWMMKMOreKcuenu- 
wpasvua cocTaBinet 88% TeopuH. 

Hafizeno %: C 61,23; H 7,35; N 18,03 
Buucneno %: C 61,25; H 7,28; N 17,86 

100. p.4.C T.0,.B.0/L0.) OJ Han CON by 2-H wT pO Tl WK Omen: 
iMadenHuarugapasuna. O,Ir 2-HUTPOMUMKJIOreKCHJIPeHH JIU Ip a- 
MHA PACTBOPAJIMCb B HECKOJbKUX MUJWIMJIMTpax STHOBOTO apupa. PKUAKOCT 
XaKIalach NelAHOM BOOM uM K HeH MpusuBaica spupHy pacrsop HCl. 
Toruac 2Ke HauasOcb BbIMaqeHHe CBeTMOrTO aMmopduHoro ocafKa. OcayoK oTca- 
DIBAJICA, IPOMBIBAJICA HECKOJIbBKO pa3 2HMPOM MH NepeKPHCTAaIM30BbIBaJICA 13 
mecu CCla —C2HsOH.Ipu narpesanun ocayok mocremeHHO TeMHe HM Mpu 
38—140° namapnsica B TCMHO-KpPaCHy!0 2K HJKOCTb. 

Hatineno %: Cl 12,84 % 
Bpruceneno %: Cl 13,05 % 
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2HuTpOoOuNKAOrTeKCHATHOCeEMHUKAapOa3ug. 0,46} 
THOCeMHKapOa3ua PaCTBOPAMCh pH HarpeBaHuH B 15 MJ CMeCH BOsbI HM 94 
soporo cnupta (2: 1). Ten pacrsop npyansaca Kk 0,63 r l-HnTpounK 
rexcena. IIpu oxaxKeHHu CMeECH HayaJlOCb BbINAaeHHe MCJIKOKPHCTAaJIM eC! 
ro ocagka. Ha cuemytomlMi eHb OCaqOK OTPHJIbTPOBbIBAaAJICA HM MPOMbIBal 
BOLOH Hu abupom. OcazoK nuiaBuica c pasmoxenuem mpu 153,5°. Tocne ney 
KPHCTaJIM3allun U3 STHMOBOrO cNupta T. ma. 155°. 


Haiizeno %: C 38,31; H 6,58; S 15,36 
Buncneno %: C 38,52; H 6,46; S [14,69 


Bpixoy, 2-HHTpOWMKsOreKcHsITHOCeMuKap6a3nuya cocTaBaseT 70% TeoprY. 

2-HuTpouukaorekcua-n-Tonayugaun. IIipu cmemusant 
PaBHOMOJICKYJIAPHbIX KOJIMYeCTB 1-HHTPOWHKOreKceHa HM N-TOJYHMHA HE F 
6oaeTCA OOpas0BaHHA KpUCTaMMMYeCKOrO IpoxykKTa mpucoenqnHenusA. [los 
JICHHE KPHCTAJJIOB He yaeTCA BLISBATb HH OXJaKTCHHEM, HH JVJIMTebHBIM eo 
HH€M pe€aKUMOHHOH CMeCcH. 

IIpu qo6apsenuu K MpoxyKTamM peakwHu Kon. HCl BpimagaeT ocaqoK cou 
HOKHCJIOH COM 2-HHTPOMNKOreKcHI-N-TONyHANHA. KpucTadmMueckoe OCHOE 
Hve Obluio MosyyeHO HelTpamusannent HCl comm 1 N pacrsopom NaOH. 

XAOPHCTOBOROPORHAA cCOMb 2-HUTpPONUKAOre 
Cusd-n-TOmyuaAnua. K 0,63 r_ 1-HuTpounKmoreKceHa oOaBJAVO, 
0,54 r n-Tosyuguna. IIpu pacrsopenun KpucTam0B n-TOMyHAMHa HUTpOcoey 
HeHHe OKpaCHJIOCb B OpaH>KeBbIN WBeT. Ha cueqyIOUlHH Je@Hb 2KMAKOCTb cTa 
Ba3KOH. IIpu qoOaBnenuu K Hel 2 Ma KoHU. HCl yepe3 HempogxoumKUTeIbH 
BPeMA HaYaOCb BbINaeHHe CBeTMOFO KPHCTaMMYeCKOTO OCaKa XJOPHCT 
BOJOpOAHOH commu 2-HATPOWMKsOreKcuJ-n-TOyuaMHa. KosmuecTBo ocal 
0,82 r. Brixon60,8% Teopuu. Iipu warpepanuu ocayoK HauMHaeT TeEMHETH Ty 
142° u npn 147—148° nnaputca B YepHyt0 KUAKOCTD. T. WI. Mocme Mepekpucta 
JIM3allHH u3 cmMecH GOeH30a Hu C2HsOH 150—150,5°. 


Hafimeno %: Cl 13,04; N 10,10; C 57,60; H 6,70 
BauucneHo %: Cl 13,09; N 10,25; C 57,67; H 6,70 


2HuTpouuknorekcua-n-Tomyugun. K 0,1350r xanopuer 
BOJOPOAHOH COMM 2-HHTPOMMKMOPeKCHJI-N-TOMYHANHA OOaBMeHO 43 MHKPOO! 
perku 2 ma 1 N pacrsopa NaOH. Kpuctanuapi TuaTesbHO pacTupaJHcb B da. 
(POpOBOK yYallleuke C PaCTBOPOM IeIO4N,3aTEM OTCACbIBaAIHCb WH MpOMbIBaJIM 
HECKOJIbKMMU NOPUMAMH JUCTHJIMpOBaHHOH Bob. KouMuecTBO BbICYLIeHHO! 
B 9KCHKaTOpe ocayKa 0,1070. Buixon 91% Teopuu. T. nu. ocnopHas 71°. 


Haiigeno %: C 66,58; H 7,75; N 11,97 
Bariucneno %: C 66,64; H 7,74; N 11,96 


2-HutpouuksorekcuJ-n-ToyugqunH pacrsopum B 10% H,SO4, HepacrBopum 
Bowe H BOLHOK menoun. JlerkO pacTBOpuM B OpraHHyeCKHX pacTBOpHTeNs 
(cnupte, 6eH30ue, aleToHe u CC],). 

2HuTpounuksAorekKcuamMoueBuna. K 0,63 r 1-HuTponm 
jlorekceHa MIpusuBasca pactBop 0,6 r MoueBuHbl B 3 MJ STHMOBOrO cHuprta. If 
CMeLUHBaHMM %KUAKOCTeH He HaOJIOLaIOCb PasOrpeBaHHA HW UCYeSHOBeHUA pe 
Koro 3amaxa l-HuTpowuksorekcena. Ilocue crosHua B TeyeHHe 30 Hel cme 
pasOaBuasacb BonOH. IIpu pasOaBneHun Ha THe KOMObI COOpanuch Kalin Ke. 
TOrO MaCJla, KOTOPOe MIpM CTOAHHM 3akpuCTanIMs0Bamocb. Kpuctanpt ore 
CbIBAJIHCb WM IIPOMbIBaJIHCb 9STHJIOBbIM acdupoM. T. ma. BemectBa 190°. Toc 
MepeKPUCTaIIH3alMn W3 STHOBOFO CilupTa T. MW. NMOAHANAach Zo 193,5°. Tan 
BJICHHE COMPOBORMAaeTCA passO*KeHHeM BeLIECTBA. 


Haiimeno %: C 44,83; H 6,94; N 22,52 
BuncseHo %: C 44,91; H 7,00; N 22,45 


2-Hutpounksorekcnimouepuna — Oesble, serkue KpucTabl. Pactrsopuma 
OpraHH4eCKHX PaCTBOPHTeIAX, MPM HarpeBaHHM PaCTBOPHeTCA B BOT. 
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lHutTpou3s06yTuaen Opa monyyen no Metogzy Jlesu, Bangox m 
Busibaep-Cmurt (*) oTuenenvem asoTuctol KucaoTbl oT 2-merus-1,2-ynHuTpo- 
MpolaHa, KOTOPbIM Oblul CHHTe3HpOBaH JelicTBHem N,Oa Ha n306yTHIeH. 

| KouctanTp! l-wnutpovso6ytTuviena ObiiM cemyiouluMu: T. Kun. 61—62,5° 
jpu 10 mm; np 1,4690; di 1,0423; MR uatizeno 27,02 (Bpruncnero 25,82). 

Hafizeno %: C 47,48; H 7,01; N 13,83 

BrrncneHo %: C 47,56; H 6,98; N 13,87 
HutTpouso6yTuacemukap6a3uq. K 0,5 r uutpon306ytu- 
eHa WOOaBAOCh MPH OXAKTEHHM JIbAOM TeOpeTHYeCKOE KOJIMYeCTBO CeMH- 
iKapOasufa, pacTBopeHHOro B MeTHOBOM crIMpTe. Uepes HeCKObKO MHHYT 
PCaKUMOHHAaA MaCCa 3aKPHCTaIIM30BaNaCcb. KpucTasIbl OTCACbIBaIHCb H MIpo- 
§MBIBAIHCb STHOBbIM Sdupom. KownuectBo KpuctasoBp 0,72 r. T. ma. 129-- 
w130,5°, Mocie NepekpucTannusaluu u3 sTHTOBOrO cnupTa 132,5—133°. Bui- 
ako 82,8°. Hutrponso6yTuscemukapOasuy pacTBOpUM B OpraHHyeCcKUX pacTBO- 


Haiieno %: C 34,08; H 6,84; N 31,73 
Buucneno %: C 34,08; H 6,86; N 31,80 


| Hutpons06yTtunhdenuarugapa3zsun. K 0,5 © uutTpons06y- 
wsieHa Opiio WOOaBseno 0,54 r dbenusruyzpasuna. Uepes HeCKObKO MuHYT T0- 
cle CMCIUMBaHHA peareHTOB 2%KHJKOCTb 3aKpPUCTasM30Bamacb. OcaqoK oOT- 
IMUJIbTPOBAH HW MPOMBIT STHJIOBLIM S*upoM. KomnuectBo ocayka 0,99 r, 7. ma. 
38,5—69°. 

Ifocne mpombiBKH apupoM KOvIMyecTBO ocagKa 0,77 r, T. na. 71—71,5°. 
1Beixon 72% Teopuu. BewlecTBo pacTBOpHMO B OpraHHyeCKUX paCTBOPHTeIAX.. 


Hafimeno %: C 57,58; H 7,22; N 19,90 
Burucseno %: C 57,40; H 7,23; N 20,08 


Vuctutyt necdbrexumuueckoro CHHTe3a Tocrynusio 
AkayemHu HaykK CCCP 17 II 1960 
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1960. Tom 132, Ne 3 


PH3HYECKAA XHMH, 


®. HW. BUJIECOB - 


NMOTEHILMAJIbI HOHH3AL.MM OPFAHHYECKUX KPACHTEJIEM 
HW PAA CJIOMKHbIX MOJIEKYJI B FA3OBOM ®A3E 


(IIpedcmaeaeno akademuxom A. H. Teperunoim 25 I 1960) 


BOJbUIMHCTBO CJIOXKHbIX OPraHHYeCKHX COeMHEHHM HM B YaCTHOCTH KpacH 
jet pu OObI4HOK TeMlepaType HMeIOT KpaliHe He3HadHTebHy!0 YNpyrocTb Th 
pos. Ilo sToli MpHuMHe OTCYTCTBYIOT JaHHble O NepBbIX NOTeHMMaaxX HOHK 
IMM MHOPHX BaxKHbIX KJIaCCOB COeqMHeHMM B ras0Bom cocToaHun. JIA Moy 4eHk 
TlepBbIX aluaOaTH4eCKHX TI 


TCHUMNaAJIOB HOHH3aAWHU MOU 
Tlonocbt norsouleHuA HM MepBble NOTeHMaNbI MOHMSAILAH Kya pala ery4Hx coequn 
HeEKOTOPHIX KpacuTeseh B rasooOpasHOu case 


Ta6auna 1 


HHH HaMH MCHOMb30BaIAa 


(') meToquKa (oTOHOHH3 

Kpacutesp ry re | 'p |'p—m |4o—* i. Jit MosyueHHa MoTe: 
WMaJIOB HOHH3ALMM TpyAHy 

Pogamun 6)K 5300 | — | 7,26.|.4,9 | — sven ias SOC ae 
2,55 HOH padoTe ucnhomb30Bamac 

WMuaquro Kpacuplit 5390 | 4975 7305.0 48 Ta «Ke MeTOWHKa C TEM O 
: 2,3 | 2,9 JIMYHEM, UTO HOHM3aIlMOHHE 
Presence ee — |7,17|}5,1 ] —  xosera (quametpom 40 m 
Mepauuanun ’ 735% qaunoi 50 mm) Onima BI 
X MHOJMHOBBIi CH- 5526 5146 7.35*| 5.05 | 4.9 NOJIHe€Ha H3 MeTaJJIa UW CI 
HUM (STHMAHHH) [2,35 | 2,45 |? sana pas6opxolt. Bce yno 
LIAB BHO UE Se SVT F202 moses = HeEHHA HW U30NATOPH! Wd 


BBOJOB CelaHbl U3 Top 
* C KpacHOlH cCTOpOHEI uMeeTcH O6macTb c MasIbIM yyacta-4. KoucTpykKuna KI 


BEIXOJOM HOHM3alluu TO 7,2 2B. BeTbI TO3BOIANIa MpoH“3B 
** OO6OmacTb C MaJIbIM BLIXONOM HMOHH3alMN nmposom- 


*MKaeTCA BIVIOTb JO 7,1 9B. ABT SHal pes nC) a 
BeulecTB 20 250°. 

SuayeHuA MOTeHUMAaIOB HOHM3auNH /,, NOJYYeHHbIe panee H HOBbIe aHHE 
coOpanpi B Tad. 1, 2*. Bauzy Toro, uTo B ZaHHOM paOoTe He NpousBO_UMO 
H3MePpeHHA KOJIMYECTBA MOrOWleHHOH palualluu HM JIA MOBbILeHHA 4yBCTB 
TEJIbHOCTH HCMOJIb3OBaIUCb OONlee IWMpOKHe We B MOHOXpomaTope (pa3M 
waroulad ClocoGHOCcTb Oplia oKo0 5 A), TO WIA OobIUIMHCTBA H3MeEPeHHbIX CO 
WMHeHUH MeperHOoB Ha MOHWS3aI[MOHHbIX KPMBbIX He OOHapyxeHO, u (Jp) 
Ta61. | u 2 coorserctsy1oT Nopory dorovonusaumn. Kak cneqyer u3 mpenbly 
ulMx padoT (*), STH SHAYCHHA JOJDKHbI ObITh Ha HECKOJIbKO COTHIX 3JIEKTPOHBOM 
Ta MeHbIWe aqmaOaTH4eCKUX MOTeHMaOB HOHU3auNH. Tlorpeutnocth ompel 
Ji@HHA KpaCHOH rpanuubl POTOMOHM3aLuN He MpeBpliiiana 0,03 98. B taba. 1 
2 TIPHBEMeHbI TakxKe MOOKeHUA Ay, Ao, hg Me€PBbIX MOMOC NOFrMOWeHHA COeLHE 
HMM B HEHTPaJbHbIX YIeBOLOPOLHEIX PaCTBOPUTeAX, BbIPAXKeHHDIC B AHTCTT 
MaX MW SJIEKTPOHBOJIbTaX, B3ATbIC U3 JMTepaTypbI (CM. Hallpumep (?)). U3pecrE 
4TO MOJIO*KeHHE TEX 2K MOJOC B ra3s0BoH (ase MaJIO OTMMUAeTCA OT IPUBETeHH: 


* B w3mMepeHuax yuacTBoBal AunomanT B. VW. Kaefimenos. 
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ecb. B moculeqHux Tpex cTomOWax MpUBeLeHbI pasHOCTH MexKAy NOTeHWHalaMu 
HH3allMM HW MOJIOKEHHEM COOTBETCTBYIOUINX MOJIOC NOPMOWeHHA B 9B. 

Ta6n. 1 u 2 noKasbipatoT, ¥TO B IPHBeeHHbIX pALaX COeqMHEHHH MpoUcxo- 
MT PeryJIApHOe yMeHbUIeHHE NOTeHIMaIOB HOHH3alHH OJHOBPeMeHHO CO CMe- 
CHEM NepBbIX MOJOC NOPIOULEHHA B JJIMHHOBOJIHOBY!10 YacTb cnekTpa. McKst0- 
HHEM ABJIACTCA alleTOMeHOH, JIA KOTOPOrO J, HECKOJIbKO BBIIIe,YeM B OCH3aJIb- 
jeruge. B npegemax ONOrO Klacca COeAMHEHUM pasHOCTH MeXxKLy NMOTeHWMalaMH 
OHM3allMH MW COOTBETCTBYIOMMMH MOJOCaMH MOrouleHuA Cc TOUHOCTHIO 0,1— 
,2 9B OCTAIOTCA MOCTOAHHBIMH. OTA IMMHPHYeCKaA 3aKOHOMEPHOCTh, C H3BeCT- 
OH OCTOPOXKHOCTHIO, MOXKET ObITh UCMOb3OBaHA TIA OMCHKM MOTeHILMaJIOB HO- 
W3aliMH MO MOJIORKeHMIO NepBbIX MOMOC NOPIOCULeHHA JIA Oomee BbICOKHX Wie- 
OB PAJa, CCIM MOTCHIMaIbI HOHHSALMH MepBbIX WICHOB pAa HaexKHO Onpe- 
ellenbl. OHaKO, Kak CJlefyeT U3 IpHBeeHHIX aHHbIX, /p — hy 3HaYHTebHO 
JMUAIOTCA JIA PaSJIMYHIX KaCCOB COeqMHeEHHH B Tpefemax Wo 2 9B. Tak, 
A PANa JIMHCHHbIX MOJMUMKIMYECKHX YIIeBOAOPONOB OT SeH30Na TO Hadra- 
€Ha 9Ta pasHocTb paBua 4,1—4,3 9B, a AVIA XHHOHA HM AHTPaxUuHOHA 6,1—6,3 9B. 
OpaliaeT Ha CeOA BHUMaHHe TOT CSakT, YTO NOTCHIMaJIbI HOHM3AILMM PasM4HbIX 
pacuTeeH, MpHBeeHHbIX B TAO. 2, OUeHb MaJIO OTMMUAIOTCA pyr OT Apyra 
WaioT KpacuylO rpaHully POTOHOHH3aLMH HeEMHOTUM Oovibie 7 3B. Anasoruy- 
ble ABJICHHA HaGJIOLaIMCb paHbulle B padore (°), re OblO MOKa3aHO, 4TO pes- 
oe yBeIMYeHHe (OTOIMUCCHH JIA Pa3JIMUHbIX KaCCOB KpacuTeneH MexKUT 
6musu 2000 A, uTo coorBercrByer 9HeEpruM (OTOHOB MpumepHo 6 9B. 
 Tlouwyuenuple pesybTaTbI MHTepeCHO CpaBHUTb C KOCBeHHbIM ONpeleseHueM 
CIMUMH WOHM3AIMOHHbIX MOTeHIMaIOB MOJIMMeTHHOBBIX KpacuTeeli, mpen- 
(OXKCHHBIM B TloculeqHee Bpema Iah6e u mp. (*). ABToppl sTHX paOoT HaxogZAT, 
TO HOJIOCbI NOrMOULeHHA B CHeKTPaX MOJMMeTHHOBIX KpacuTeselH o6pa3y1oT 
epuu, XOpollio moxyuHAOUMecaA dopmyse Punz6epra. Umu mpuuumaetcsa, yTO 
€pBbIi BOSOYXKJCHHbIM YPOBeHb MOJICKYJIbI KPaCUTeIA ABJIAETCA BOROPORONO- 
OOHBIM, HAXOMMTCA Ha ruryOuHe 3,4 9B OT rpaHHbl HOHH3aLHU, KaK MW B aTOMe 
ofopona. Ilo uX MHeHHIO TOJIbKO Ha OCHOBHOM YPOBHE HMeeTCA COMpPAKeHHAA 
M€KTPOHHAKA t-cucTema. B movlekyuJle Ha IlepBOM 2Ke ypOBHe BOSOyKeHHA, IIpo- 
CXOJMT MOIHOe Pa3MbIKaHHE CONPAKeHHA, HU BOSOYXKMCHHbIN JICKTPOH HaxO- 
HTCA TOJIbKO B TOG MOJOKUTEMLHOFO MOJIEKYJAPHOFO OCTOBAa, YNOMOOMAAC 
M€KTPOHY B aTOMe BOJOpoNa. Orca, WIA BbIUHMCJICHHA HOHH3SAILMOHHBIX M0- 
eHIMaOB /, COCMMHCHHH MpefaraeTca BecbMa Npoctaa cbopmya: /p= E + 
- 3,4 9B, rye E — pa3HocTb 3HeEprHu Mey OCHOBHBIM HM MepBbIM BO30yK]eH- 
bIM YpOBHAMH. 

Bogopofonogzo6ue cepHu Nooc MOrOWleHHA YCTaHOBJIeHO JIA MHOrHX 
NacCOB OpraHvyeCKHX COeCAHHEHHH TOJIbKO B OOACTH BAaKYYMHOrO yJIbTpaduo- 
eTa, T. €. IPH 3HaYeHHAX DHEPIH BO3OyXKMeHUuA OoJbUe 6 9B. OTA CepHabHaA 
AKOHOMEPHOCTb Opblla yCMeWIHO UCHOMb30BaHA JIA ONPeMeIeHHA 3HaYeHHH Mep- 
IX ajlMaOaTHYeCKHX MOTeHI[MaIOB WMOHM3aIMU pAa KJIaCCOB COeIMHeHHH. 
lOuIyYeHHBIe CIEKTPOCKONMYCCKHMM METOJOM 3HaYeHHA MOTeHIWMaJOB HOHM3AallNH 
Opollo cormacy1oTCA CO CTpyKTYpOH MovIeKyJI H CO 3HaYeHHAMH Jy, ONpemeeH- 
bIMH IIPAMBIM MeTOAOM (oTOHOHH3alHH. Ouako u3 aTHx xe pabdoT [Ipatica 

Yona (5) ceqyer, YTO Wake B TAKHX HECIOKHBIX COCMMHEHHAX, Kak asucpa- 
AYECKUE YIVIEBOLOPOAbI MU aJIKHJIMpPOM3BOAHbIe CeH30J1a, MepBbIe WIeHbI Cepult 
uaOepra CABHHYTbI HACTOJIbKO, YTO HX TPyAHO HAeEHTHDUMMpOBATD, T. €. BOO- 
OMONOMOSGHOCTH CIpaBelIMBa TOMbKO WIA Gosee BbICOKUX WIeHOB cepu. B 
Dyrux paGotax (°) qd STHX Ke COEAMHEHHH ObIIO MOKAa3aHO, 4TO TIP NOHMKE- 
UM OCHOBHOFO COCTOAHHA MOJICKYJIbI IPOHCXOAMT NOHHWXKEHHE BCeX TEPMOB, KO- 
\poe yBEMMYMBAeTCA C YBEJIMYCHHEM HOMEPa HU B lipefeyie CTPeMHTCA K BeJIMUH- 
€ NOHM2K€HHA HOPMAJIbHOrO ypOBHA MOHA, T. e. B Oosee BbICOKHX YWIeHAX FOMO- 
OrHUeCKUX PANOB COeranue Mooc K Mpesedy BOMKHO MpONCXoAUTh OpicTpee, 
eM B epBbIx ylenax. Hamu Opi0 MoKa3auo (*), YTO yKa3aHHaA 3AKOHOMEPHOCTb 
OKeT ObITb paciipocTpaHena Ha Apyrue MpOUsBOLHbIe O€H301a, KaK AaPOMATH- 
ecKHe AMMHEI, (eHOubI u Wp. HaKoneu, B padore [Ipaiica u Youuta (*) Opito 
arIAJIHO MOKa3aHO, YTO B PAMy: STHJIeH, OyTaqMeH UM TeKCaTPHeH CMEeIILeHHe 
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Tlomocb! norjomeHuia HW TepBble NOTeHUHaJIbl MONMSAUNn CJIOMWKHEIX OPTaHHyeCKHxX MOVIeK 


TaoOmuna 2 


Coequnenne 78 vi Ne, Ip Tp—*s Ip—z | Ip— 
7S 
Benson y 2550 | eon | 9 | 9-24] 48 | 30 hee 
SS , ) , 
ee 0 | 2750 | 2200 
Hadtannn 314 
q ye 10 | 45 | 5.65 | 814 | 445 | 3,65 | 2, 
pio 
Autrpanex 3800 | — | 2500 eit 
leas 3,26 a aaa a 
LES. SEES 
Hapranen | | A800 f "| — 1°6, 88:4. 3° 7) 
aN ON 
a 
TlupHqnu L) fo en MES, aia Nee Ze i) a 
N ? ’ 
/\/N | 
X wnoanu wih ri pie: “= hg Mage PL eer s Bd 
X ; ) | 
coc | 
Akpuann 3470 | 2520 | — i 
AA 3551 4.9 7,78 | 4,23 | 2,9 | 
O 
I 
paler ey | 
poe) See each sree scene eae ama 
i 
O 
I 
ew 
AHTpaxHHOH 4400 | 3230 | — 
AV 32 tea 9,34 16,4 ot 5x0 4 
O 
(\(\_NH, 
-Hapr 3a 
a-Hadraaamuu es ae er 7,30.| Soda ledet = 
AN? SNE 
3 Haprusame 3 2 200 | 
8-Hadrusamun be aan Bh sae 7,25 | 3,55 | 2,85 | 1,58 
H 
| 
(\— C=O 
Bensambgzeruy y) 
13aJIbwer uy, UJ ae ae ce 9,60 | 5,8 5,45 | 49m 
CHa 
| 
(S—C =O 
Auetodenou 31 3 
UJ MUbWrtmee sh Arce 
UOTE 
Ben3od Skt oe 3300 
eH30PeHOH C = : — 
Cai ae 4 M5 ihe7 el | aa 
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onocbt N —V, B JWIMHHOBOJHOBYIO CTOpOHy chekTpa Mpoucxogut B 1,2 pasa 
pIcTpee, YEM YMCHbIUWeHHe NOTEHIMAIOB MHOHH3AILMH. 
OctaeTca OTKPBITbIM BOMPOC, OTHOCHTCA JIM CepHaIbHad 3AKOHOMEPHOCTh, 
cTanopsienHad [ai6e, kK ras006pa3Holi cpese, MIM K MOseKywle, HAaxOsAelica 
cpege C OOIbIIHM 3HaYeHHeM JMIeEKTPHYeCKON NOCTOAHHOM, yMeHbUIaouled, 
aK M3BeCTHO, BEJIMYMHY SHEPruu OTPbIBa 9eKTpOHA. C 9TOH TOUKH 3peHUaA, 
qUTDIBAad YCTAHOBJIeCHHY!0 BbIMe B3aMMOCBA3b /, u E, 3HaYeCHHA MOHM3AlLMOHHBIX 
OTeHIMAaIOB JIA KpacuTemen, JaBaempie [lai6e, Heb3a CUHTaTb MOCTOBePpHEI- 
u. IlpopeqeHHble HAMM U3MepeHHA (hOTOIMMCCHH 3JICEKTPOHOB C KOMMAKTHbIX 
JO€B KpacuTeeH MOKa3aJIu, YTO 3HaYeHHe PaOOTh BHIXOMa MIA STHX MOJIEKy- 
APHBIX CHCTeM JIA CAMBIX Pa3JIMUHbIX KpacuTeselH He MeHee 6 3B. 
IIpupegxenuble B WaHHOH paOoTe NOTeHIMabI HOHU3AIMM PAA KpacuTesel 
HW APYPUX CNOAKHIX MOJeKYJ YKAa3bIBalOT Ha TO, YTO HOHM3ALMOHHbIe NOTeHIMa- 
bi, BLIUMCJICHHbIe MO Popmywe, MpeqwowenHoH Ilai6e, B OombUIMHCTBe Ciy- 
YaeB CHJIbHO 3aHWKEHbI H HMH CJleyeT NOMb3OBATbCA OCTOPOXKHO. 
AstTop BecbMa OularogapeH akan. A. H. Tepenuny 3a mocTosHHbI wHTepec 
WM WeHHbIC YKa3aHHA MPM BbINOJIHeEHHM paOorTHt. 


@Musnueckult HHCTHTYT Tloery nH10 
Jlenuurpagckoro rocyapcTBeHHOro yHHBepcutTeta 10 I 1960 
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SH3UYECKAA XUMHS 


H. T. KYJPABLEB, P. ©. FOJIOBYAHCKASA u H. K. BAPABOLIKMHA 


KATORHbIM MPOLWECC NPH IJIEKTPOOCA)QKAEHHW THTAHA 
M3 BOJAHbIX PACTBOPOB 


(I1pedcemaeneno axademuxom A. H. ®pymKunoim 12 XII 1959) 


[leppble MOMbITKH SJIEKTPOJIMTHYeCKOrO OCaKACHHA THTAHA H3 BOHBIX 
HEBOJHBIX pacTBOpOB ero come oTHOCATcA K 1901 r. Ognako uccieqoBaHH 
XMMMYeCCKUX HM QJIEKTPOXHMHYECKHX CBOHCTB THTaHa MH BO3MOKHOCTH ero par 
THYeCKOFO MIPHMeHeCHHA B OCHOBHOM HauaTbl sulb c 1948 r. Jlo nacTosuer. 
BPeMeHH 2TH UCCeOBaHHA OovIbIUeH YaCTbIO KaCaJIHCb KOPPOSHOHHbIX CBONCT 
Ti H WMUIb HE3HAUHTeIbHaA YaCTb UX OTHOCHTCA K H3YIeHHIO MeETOROB OOpaoot 
KH ero MOBepXHOCTH. | 


a TuTaH MOuyualor BOCCTAHOBJICHHeEM eFO OKHG 
JOB aJIIOMMHHeM MW KapOvfamu, passoxKenvem TiY 

# IIpH BbICOKOH TemMepatype, BoccTaHoBseHHeM TiC 
~ 0 C NOMOLIbIO MarHuA WH SICKTPOJIHM30M paciMaBJeP 
Sg HOH cmecu OopdTopaToB WIM XJIOpUOB THTAaHAa | 
g WIeJIOYHBIX MeTam0B. [lo 2aHHbIM: HTepaTyppl (1 
8 ol MOCJIeIHHH MeTO uMeeT Celiyac HaHOOee WHPOKC 
SH mpumMenenue. Tlosyuenue THTAHOBBIX MOKPbITH 


QJIEKTPOJIH30M pacIaBOB CBA3aHO C OOJIbUIHM 
IIPOH3BOACTBEHHbIMM TpyAHOCcTaMH. HauG6omee Bb 
5 0 1 20 25 oun, TOAHBIM M [elleBbIM CMOCO6OM MOsyYeHHA THTAH 
Guema asnexmponusa —> M THTAHOBLIX MOKPbITHH MOF ObI ObITb IJIEKTPOUF 
Puc. 1. Hamenenue siixonano BOMHBIX pacTBOpOB ero cOseH. OTOT BONIpOCrem 
TOKY B 3aBHCHMOCTH OT Bpe- MaJlO H3YYeH H B JMTepaType OCBeLLeH OYeHb cab 
y E : 
MeHH 9/1€KTPONMSa B ear BaxkKHeHWIMMH 3JICKTPOXHMHYeECKUMH MOKa3aT 
GSS a Na ne se JIAMH, OIPeCJISIOULMHMH BO3MOXHOCTb OCaKICHH 
cpunen; J/—katoq meth, THTAHA Ha KaTOJe, ABMAIOTCA: BEJIMYMHA CTAaHap’ 
II] — kato, maatuHa; a— HOFO MOTeHWMala, WIM MOMOMKeHHE MeTasa B Ps 
BBIXOR MeTaja mo TOKy MO jy HallpsxKeHHH, H BeMYMHAa NMepenalpsxKeHy 
RaSOMEDD AACEKOMY MSTOAY ponopoya. CranqapTupli norenunan tTuTana E 
ompeyeleHia; O — BbIXO] Me- a & 
Tajia m0 TOKy no mpusecy PaCCuTaHHDIt Borrcom u KpaycKomndom (7) 1 
THTAHAa pesyJIbTaTaM M3MepeHHA MOTeHWMaNOB B 0,25 , 
pacrBopax Ti,(SO4)s u TiCls, cocraBasaerT B nepBe 
cay aae —0,168 u Bo sropom —0,218 B. Cranyaprupili norenmmal cucten 
Ti?*/Ti? (?) paccuntai no aKcepuMenTaibHEM JaHHEIM. Tlonyuenuaa Ben 
wuHa paBHa —0,355 B. U3mepenusa noTenttMana MpOuSBOAMINCbh B OTCYTCTBI 
nolspusaruu B 0,0215 M pactsope Ti,(SO4)s B aTmoccepe aprona mpu 1S 
Corsjacuo JIatumepy (4), cranqaprubili norenmua cuctempt T3*/T? tepmognn 
MHUCCKH MOXET ObITb BEISHCICH HCXOLA HW3 CueqyroulMx peaKuuH: 


S 


S 


a Bie yNeeze |e lt 
Ti? +e3Ti =—0,87 8), 
Th Ave? ie een 


= 0:87 28 1/83) 2 


1 
& = 3 
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CranjapTubii morenwuan cuctempr Ti*?/Ti°, Beranciennpili TepMoyquHamuue- 
Ku (°), paBen —1,3 B. Mcxoya u3 pacueTHbIx aHHbIX THTAH B psy HanpsaxKennit 
OJKCH HAXOMMTbCA MEXKJly aJIIOMMHHeEM MH MapraHleM, B TO BPeMA KaK MO 9KC- 
€PHMCHTAJIbHBIM ONpeWeeHHAM CTaHapTHOrO MOTeHIMala ON pacnomaraercs 
ekIy KayiMueM HM KOOaIbTOM. OTaMuHe SKCMepHMeHTabHO Halimennoro Eo 
T TeOpeTHYeCKOrO OOBACHAeTCA HeOOpaTUMOCTLIO THTaHOBOrO avIeKTpoga. Ilo- 
WMMOMy, Coulee NpaBHJbHbIM OyfeT paconowKenne THTAHa B PAA Hallps- 
eHHH MexKY aJIOMHHHeM HM MapraHiem. 

IIpu usyyenuu KOppo3nu TuTaHa OplIo ycranoBueHoO (°-°), aro B cayuae 
6pasoBaHHA NaCCHBHOM MIeHKH Ha MOBePXHOCTH TUTaHa MOTeHMa ero cTa- 
OBHTCA 3HAUHTeIbHO OlaropoyHee, em Mocue 


aspyleHHA TVICHKHM MOA elcTBHeM 3seKTPO- | % 
uta. Bowbmwow uHTepec MpescTaBaneT uccmeqo- a4 
Bae KUHECTHKH BbICNCHHA BOLOPOMa Ha TUTA- 8 5 
He. Kak uspectuo (*°), mp Temmepatype 20° x 
| r-aT. THTaHa Cnoco6eH MoroTuTh 2 r-aT. BO- 94% 
Opoya, MpH MoBbiweHuH Temiepatypbl norsio- © 5 
DIeHHe 3HAYHTeJIbHO yMeHblaeTca — yo 0,2r-ar. 8 


mpu 1100° (21). Cuntator, uTo mera, o6a- rag D Fie 
AarOulHe CBOHCTBOM 3HaUHTeJIbHOrO MOrJIOWLeHHA Gpema anexmponu3sa ——>- 
BONOpPOAa, HMEIOT HH3KOe TepeHaMpAxKeHHE BO- pyc. 2. Yamenenue BLIxoga THTA- 
wqopora. YCTaHOBJIeCHO, YTO B 0,01 N PpacTBOPe€ Ha mo ToKy B 3aBHCHMOCTH OT Bpe- 
H.SO, MHHMMaJIbHOe NepeHallpsxxKeHHe BOMOPO- MeHH 9/1eKTpoNM3a B KUCHbIX 
qa Ha Ti cocrapuset 0,236 B (*?). Tlo qaHHpm oo Oade eee 
Wansumu (**,’*) w Apyrux ucceqoBaTenel, Me- cguuen: 17 — xaton Memb. 11] = 
peHalpmKeHMe BOMOpoma Ha THTAHE B IWeOY- xKatox niaTHna; oOosHayeHHA Kak 
HBIX QJICKTPOJIMTAaX 3HAUMTEIbHO BbIUIe, YM B Ha puc. | 

KucuIbIxX (—1,3 B). 

Takum o0pa30M, Cy Mo nowoxKennio0 Ti B pAy HallpsAxKeHuH (MEK auio- 
MMHHeM WM MapraHileM), OH MOxKeT ObITb BbIeueH, Momo6HO Al, u3 HeBOAHbIX 
OpraHHyecKHX PaCTBOPOB UJIM H3 BOMHbIX PaCTBOPOB ero covleH pu yCJIOBHU 
BbICOKOrO MepeHallpAKeHUA BOMOpoMa. OueBuyHO, JIA STOH WemM HanOosee 
IPHTOWHbI UWLeJIOUHbIe PaCTBOPbl, B KOTOPHIX NepenalipsxeHue BOROpoa Ha Ti 
MOXKeT MOCTHIaTh 3HAUMTeEbHOH BeJIMUMHbI. 


IKCUMCPUMeCHT AI RU aA TacrT s 


ITenounbe 97eCKTPOAUTH. B KayectBe COM THTaHa QA Mpu- 
TOTOBJICHHA UWeOUHOTO BJIEKTPOJIMTAa MPpHMeHAJHCb MeTaTHTaHaTbl HaTpUs, 
MapraHita, XpoMa u x%Kese3a. BrlncHusocb, YTO BCe€ MeTaATHTAHATbI MOXO pac- 
TBOPAIOTCA B EMKOH wlemoun (10 6—8 r/a Ti) u erKo NosBepratorTcs rusApouusy. 
Hamu Obluim wcceqOBaHbl paCTBOPMMOCTb MeTAaTHTaHaTa HaTpHA HM ycTOoWUH- 
BOCTb PpaCTBOPa B 3ABMCMMOCTH OT KOHICHTPallHH IesIOUN, MpOOJMKATeIbHOCTH 
BHINLeIaYMBaHHA, TeEMMepaTypbl, NepeMelMBaHHA WM MOOABOK OpraHHyeCKHX Be- 
IeCTB. OTH OMbITHI MOKa3aH, YTO PACTBOPHMOCTb MeTaTHTAHAaTa 3HAYAMTEJIbHO 
yBemuuuBaetca (70 15—20 r/n) nocne qOoOaBseHHA K eKOH welOun OpraHH- 
yeCKHX JOOaBOK, BCJICACTBHE OOPa3s0BaHHA COOTBETCTBYIOWIMX Oolee pacTBOpH- 
MbIX coejuHeHui Ti. C noppitieHvem Temmepatypb! (BpIle 50°) pacrBopHMocTh 
MeTaTHTaHaTa MOHMKAaeTCA, UTO OODACHACTCA, OUCBHAHO, PasJIOXKeHHEM THTAHO- 
OpraHMyueckux coequHeHuH. MakcumManbHoe comepxanue Ti B pacrBope (15— 
20 r/m B Tepecuete Ha MeTaJJI) OblNO NOWyYeHO MPH BbILeTayH4BaHHM MeTaTH- 
TaHatTa uaTpua B 20—30% pacrsope NaOH c joGaBKamu mpu Temmepatype 50° 
M mMepemelinBanuu (MexaHnuuecKan Melaka). Ilocne BbIllelayMBaHHA Mouy- 
YeHHbIM pacTBOP OTPUJIbTPOBbIBAJICA OT H€paCTBOPHBINeHCA YaCTH MeTAaTHTAaHa- 
Ta HaTpua. Ilo ,aHHbIM XHMUYeCKOrO aHamN3a, Ti HAXOJMTCA B UeIOUHOM 3JIeK- 
TPOJIMTe B BUC YETbIPCXBAJICHTHBIX MOHOB. KaToybl MNpHMeHAJIMCb M3 Men, 
JaTyYHU, WWaTHMHbI M CBMHIa, aHOAbI — H3 HepKaBeroule CTaIM MW MaTHHHI. 

Bplxogbl 10 TOKY H3MepAIHCb ABYMA MeTOaMH: rasoMeTpHYeCKH — M10 KO- 
JIMYECTBY BbYeMAIOULeErOCcA BOMOPOAa (3aMePbI Yepes KarKy!O MUHYTY) — H Be- 
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cosbim MeTogom. IIpu BecOBOM MeTOJe KOJIHYECTBO Ti onpeqeiA0cb aHasM30n 
pacTBopa, MO/lyYeHHorO Mocwe CHATHA OCaNKa C KaTOZa. BpiacHusocb, YTO CC 
BP€MCHEM 3JICKTPOJM3a BbIXOA TO TOKy MafaeT H€3aBHCHMO OT MaTepMasla Ka 
Toya Mpumepuo c 60 no 0.5% B Tevenne 20—30 mun. Matepuas KaToja Cka3bl 
BaeTCA TOJIbKO B MepBOHAvaJIbHbIt MOMeHT SuleKTpOsu3a. Tlocme Toro Kak KaTOJ 
TIOJIHOCTbIO 3aKPbIBaeTCA THTAHOM, BbIJeIAeTCA MOUTH OMH BOMOPOA, UTC 
OODACHSHETCA, MO-BHMMOMY, OUCHb HUSKUM NepeHalipsxkKeHHeM BOMOpona Ha Ti 
Bprxol, MO TOKY yMeHblilaeTcsd C MOBbILeCHHEM IJIOTHOCTH TOKa H TeMMepaTypbI 
Tosa MOyYaeMOrO NOKPBITHA YHCTOFO MeTaMYeCKOrO THTaHa 3—4 pe 
B curyyae IpHMeHeHHS AHOJOB 3 HepxKaBelouleh CTasM B OCaKe OOHAPyKUBAIOT- 
CA CJIebl %KeNe3a HM XPOMA, TOJIMHHA MOKPbITHA MPH STOM YBeNHUMBAeTCA JC 
15 p. 
Kucape a9nekTpoauntTh. B Kucaom dropuctom seKTpomutTe T 
HaXOJMTCA B BUC TPeXBaJICHTHbIX HM YETLIPCXBaJICHTHHIX HOHOB. B sauTepatype 
(!4) wmeiorca yKa3aHHA, YTO B powecce sleKTposu3a Ti BOCCTaHaBMBaeTCA TC 
lByxBaslenTHoro. Jima Toro uTOObI BLIACHHTb, H3 KaKMX MOHOB THTAH BOCCTa- 
HABJIMBaeTCA JO MeTAJIIa, BIEKTPONM3 MPOUSBOAMJICA B BJIEKTPOJMTAax, CORep- 
3KallluX B OJHOM CJly4ae TObKO TPeXBaJICHTHbIe HOHbI, B APyrOM — TOJIbKG 
YeTbIPeCXBAJICHTHBI€ HOHbI TUTAHa. Okasal0cb, 4YTO U3 PaCTBOpOB coeqMHeHHh; 
YeTbIPEXBAJICHTHOFO THTAHA MeTAJIJI He BbIeIMeTCA Ha KaTOWe. Becb TOK 3aTpa- 
UMBAeTCA Ha BbIeICHHe BOMOPOMa HU HEMOJIHOE BOCCTAHOBJICHHE YETHIPeXBaJIeHT- 
Horo Ti 20 TpexBaJIeHTHOrO, HM TOMbKO Moce HAKOMIeCHHA NMocweqHero JO KOH 
WeHTpallHH, CooTBeTcTBy1oUleli cooTHomeHuIO Tit’: T**= 1:1, Hayunaercs 
BbINeeHHe MeTasuyeckoro Ti Ha KaTogze. OOpas0BaHua WByXBasenHTHOrO Ti 
B pacTBOpe Mbl He OOHapyxXKHVJIH. . 
BpulO BbIACHeHO TaKXKe, YUTO CaMOpaCTBOPeHHe THTAHA Ha KaTOJe BO BPeMAL 
SJICKTPOIH3a He MpoucxognT. Tak Ke Kak H B CJIy4ae WIeJIOUHBIX 9JIEKTPOJIMTOB, 
MaTepHadl KaTOJa BIMAeCT TOJbKO Ha Ne€PBOHAaJbHbI BbIXOM Mc ToKy. Ilocae 
TOrO Kak BCH MOBEPXHOCTb KaTofa NoKpoetcs Ti, BbIXO MO TOKY MamaeT, HO B 
MeHbIUeH Mepe, YeM B LIEJIOUHBIX JJIEKTPOJIHNTAX, UTO OOBACHAETCA, MO-BUMMOMY,; 
OoIbIUeH MOPHCTOCTHIO OCAaAKOB, MOJYYaeMbIX H3 KHCJIBIX 9JIEKTPOJIMTOB. OMBbITHI 
0 OMpefeJeHHIO BEIXOJOB MO TOKY NpoBosusucb B H-o6pa3Hom cocyye B aTMO- 
cbepe HHEPTHOrO ra3a aproHa C paseJIeEHHeM KaTOAHOTO MpOCTpaHCTBAa OT aHOL- 
HOO CT€KJIAHHOH Juadparmow. Cocyy oOayal OoibuWioH repmeru4HocThw. B 
KayeCTBe aHOJIMTa IIPHMeHsJICA pacTBOp dTopucToro KaJiHA, NOWKUCeHHbI 
OOpPTOPUCTOBOAOPOAHOH KUCJOTON. | 
IIpu usyyenuu pacipeyeienua TOKa, 3aTpayuBaemoro Ha peakwMu: T4t—> 
—>T*"; Ti*Ti®; 2H*-+H, } ,— B kauectBe KaTomuTa IpHMeHssica TakxKe pac- 
TBOP, COMep2KallMH MOHbI TPeXBaJICHTHOTO HM YeTHIPeXBaMeHTHOFO Ti B COOTHO- 
weHuu 7 : 1. OTO COOTHOMeHHe COOTBETCTBYeT PaBHOBeCHIO, KOTOPOe ycraHaB- 
JIMBaeTCH B PacTBOPe THeXBaJICHTHOFO THTAaHA IIpH padoTe B aTMOCdepe BOsLyXa. 
YlopepXHOcTHOaKTHBHbIe OOaBKH: %KeaTHHAa, Kel CTOMAPHBIN, riuMKO- 
KOJI — H€ OKa3biBalOT 3aMeTHOFO BJIMAHMA Ha BbIXO], MeTaa MO TOKy. Tou- 
W{MHa MOKPbITHA YHCTOFO MeTaJIIMYeCKOrO THTaHa cocTaBsneT 3—4 WD. 


MocKosckuit XHMMKO-TeXHOJOrMyeCKH ii MHCTUTYT Tocrynuszo 
um. JI. MW. Menmeneesa 12 XII 1959 
HWHMTHPOBAHHAA JIMTEPATYPA 
' COopH. nepesogop Toc. cme. mpoektu. unct., 1, Texunueckuit orsen, M., 1958. 
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Joxnagp Anagemun nayr CCCP 
1960. Tom 132, Ni 3 


PHSHYECKAA XHMHA 


T. H. MOMOBA, B. C. BATOLWKMM u 6B. H. KABAHOB 
AHOAHAS MACCHBAWMA WHMHKA B IWEJIOUHbIX PACTBOPAX 
(1 pedcmaereno akadenuxon A. H, Ppymkunoim 25 I 1960) 


B psge pador ('~*) BbicKkasbipaeTca MHeHHe, YTO MaccHBalMA WMHKa OGy- 
JOBIeHa OOPasoBaHveM (a30BbIX MWICHOK OKHCH WIM THAPOOKHCH WHHKa; Ha- 
TYNMeHMe MaccHBalluu UHOra CBAsbIBaeTCA C Wudpy3MOHHbIMM Mpomeccamu 

MIPU3JIEKTPOAHOM Ci10e. OHAKO MexXaHH3M OOpasoBaHUA uM Mpuposa maccu- 
upyloulei MIeHKH AO CX Mop elle He ACHBI. B yacTHOCTH, OTCyTCTBYIOT paooTH, 
KOTOPbIX KOJIMYCCTBEHHO YUNTHI- 
auch Obl udpy3HoHHble ABIe- = mmya "cm? 


AHA. Uh 
| Sajayei wHacTosiel pa6dorTpt | & 
As 


NS 


ABM AJIOCb BbIACHeHHe BJIMAHHA 
SOCTaBa IIPH9/IEKTPOAHOTO CJIOA 
pactBopa Ha MacCMBallMiO WMHKa 

HW U3SyYeHHe XapakTepa TlaccuBu- W 
PY!IOILHX CJIOeCB Ha IMHKE C ILe/IbIO 
BBIACHEHHA BOMpoca O BJMAHUH 
alcopOluH KuCcOpoqa Hu OOpaso- 
BaHHA (basoBOro OKMCHOTO CJIOA 
Ha MWaccuBaluio wHHKa. AnoyHOe Puc. |. Sapucumoctb 1/Q nace OT HOTHOCTH aHOA- 
MOBEeHHe IWMHKA B pacTBOpaxX Horo ToKa i B pacTBopax KOH: 7 —1,5 NN; 2— 
KOH usyuanocb Hamu nyrem oc- |! 3 3—0,75 oF argh N; 5—0,25 N; 
LMIOrpapuyeckoro CHATHA KPU- sans 

BLIX MOTeHIMasl — Bpema (Pp — fF) 

IPH MOCTOAHHDIX MJIOTHOCTAX TOKa Ha BpalllajOuleMCA JMCKOBOM S/IeKTpore. Orpe- 
J@IAOCb KOJIMYECTBO 2/IEKTPHYeCTBA, HEOOXOLMMOE DJIA MaCCHBaWMM Qnace= itn 
i — lloTHocTb ToKka, ¢,— BpeMA MaccuBallMH) B 3aBHCHMOCTM OT MJIOTHOCTH 
fOKa, OT KOHICHTPalMH WeOUM HM OT CKOPOCTH MepeMeLIMBaHUA ZIEKTPOJIMTA. . 
KpoMe TOPO, MpOBOUJINCb MOTEHIWMOCTATHYeCKHE NOJAPH3alMOHHbIe U3MepeHHA, 
IOSBOJIAIOULME OMPeeHTb 3ABHMCHMOCTb CKOPOCTH paCTBOpeHHA AKTHBHOTO 
{ 3allaCCHBUpOBaHHOrO IMHKa OT MOTeHUMaa HM yCTaHOBHTb rpaHully MOTeH- 
[Mal0B, Mp KOTOPHIX TpoucxoyuT nNaccuBawuA. Takoke CHUMaJIMCb KPUMBbIe 
<aTOJHOH AKTHBAILMM 3alaCCHBUPOBaHHOrO WHHKAa, MOSBOJIAIONIHe ONpeeuTb 
IOTeHIMal HaYaa BOCCTaHOBeHHA CPasOBOH MeHKH. 

Ha puc. 1 mpemcrapmena 3aBucumocTb 1/Qnacc OT 7, HOMYYeHHAA Ha 
XCHOBAHHU OcIMsOorpadHueckHxX M3MepeHHH MPH MOCTOAHHBIX MVJIOTHOCTAX 
oxa *. B oOnacrH cpewHUx MIOTHOCTeH TOoKa HaOjOMaeTCA JIMHeHHAaA 3aBH- 
MMOCTb Mexyy 1/Qnacc HW 1%, A@HaOTH4YHAA 3aBHCHMOCTH, HaOwOaBluencs - 
i Apyrumu apropamn (7, *). M3 Hammx onbiToB CyleAyeT, YTO Qnace, NOMYYCHHOe 
IDPH MOAPH3allMH CpeAHHMH HW BbICOKHMH IJIOTHOCTAMH TOKA, He 3aBMCHT OT CKO- 
JOCTH MepeMemmMBaHHA seKTpomMTa OT 60 Jo 5000 06/MuH. IIpu Oonee Hu8KHX 
IIOTHOCTAX TOKa YKa3aHHad BbIlle JIMHeHH ad 3aBMCHMOCTb HapyllaeTcs M MA Ha- 
TYIMICHHA MaCCHBALLMH TPeOYIOTCA BbICOK He 3HAYEHHA Qunace (40 — 200 mxky.1/cm’*). 


SS 


NS 


~ 


\ 


S 


0 -200— 00 = 400 Maem: 


* Q ace CPCMHHe SHAYeHMA KOJMYeCTBA STeKTPHYeCTBA B mMKya/cm?, B3aTble 13 10—12 


i3MepeHHit. 
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C yBeMueHHeM CKOpOCTH NepeMelUHBaHMA B STOM cslyuae HaOmofaeTcH pocr Om 
IIpu Mawbrx MMOTHOCTAX TOKa UH oco6eHHO IIpH CHJIbHOM Le ae 
(3000 — 5000 06/mun) B KpemkUx pacTBopax 0,5—2,5 N KO nacchegg 
BoBce He HacTynaeT. PacueTbl MOKa3aJIM, UTO B o6jacTw cpeqHHX HM OOJIbIM 
TlloTHOCTeli TOKa BpeMsA MaccHBallHH MeHbIUe BpeMeCHu yCTaHOBJIeHHA CTA 
HapHoro cocTosHUA Luddy3suH. TUM MOXKHO OObACHUTb He3aBHCHMOCTb On 
OT MepeMellMBaHHA, Tak Kak BJIMAHMe NepeMelliMBanua Ha CKOpOCTb HecTallM: 


HapHon Rudpy3suu BHayase HeE3HayHTeJbHO. Peskuli pocT Qnacc CO CKOPOCTE 
lepeMeluMBaHHA HaOJUOLaeT 


IIpH TaKUX MJIOTHOCTAX TOKA: 
CKOPOCTAX TlepeMeLUMBaHy 
Kora BpeMA naccuBalHu cpa! 
HHMO JH OOubUIe BpeMer 
yCTaHOBJIeHHA CTalMOHapHe 
uppy3uu. | 

IIpH BbICOKHX IMVJIOTHOCTS 
ToKa (cm. pc. 1) Qnace Mpa 
THUECKH He 3aBHCHT OT IJIOTH 
CTH MOJAPH3yIOWlero TOKA. 


OnpiTHble JiaHHbIe MOKAa3E 
Puce. 2. AHoqHbIe NOMAPH3aAWMOHHbIe KpHBble, CHATHIC 

NOTeHUMOCTATHYeCKHM MeTOJOM B pacrBopax KOH: BaloT, TO MIA HacTylVJieny 
1—1N; 2—0,5N; 8—0,25N; 4—0,1N; 5— MaccuBawun HeoOxoquMo ONp 
0,03 N JI@IEHHOe M3MCHEHHe KOHILeH 
pallMu WeOun MW WHHKaTa B Ipk 
QJIEKTPOAHOM CJioe. IIpH MaJIbIX TOKaX H CHJIbHOM TepemelliMBaHHH pacTBOp 
He JOCTHraoTCA HeOOXOAMMbIC KOHICHTPallHOHHble H3MeHEHUA HU Wake Mock 
ycTaHOBJIeHHA CTawMOHapHOrO cocTOsHUA Andpy3suu He MpOoucXoANT MaccuBée 
WMH WMHKa. PesybTaTb!l OMbITOB MOFyT ObITb OOBACHEHHI, CCJIM TIPeAMOJOMKUTE 
4TO TPH CpeMHHX IJIOTHOCTAX TOKA YACTb KOJIMYECTBA ZJIEKTPHUeCTBA, HEOOXC 
JMMOPO jlJIA MaccHBauWN, TpaTHTCA Ha pacTBOPeHHe WMHKAa HM CONPOBO*KTaloulH 
erO H3Me€HCHHA KOHICHTpalun HOHOB OH™ uw wuHKkata (Q;), Apyras yacTb (Qo) 
BeEPOATHO HE 3aBHCAMLaA OT MJIOTHOCTH TOKA, TpaTHTCA Ha H3MCHEHHE COCTOAHK. 

MOBEPXHOCTH WHHKOBOTO SeKTPOa, BbISbIBAaIOLee WaccCUBaLHIO. 

IIpu 6oubuIMx MNOTHOCTAX TOKa Q, ReaeTCA MaJIbIM M U3MepsHeMOe KOE 
YeCTBO 3JIEKTPpH4eCTBa, HeEOOXOAMMOe JIA MaccuBallWu, Qnacc, ApuOmuxKaeTec 
K Qs. ONbITHbIe JAHHbIC WOKA3bIBaIOT, YTO Qnacc WIA OOUIbIUMX MMOTHOCTeH TOK 
JIMHEHHO CHMKaeTCA C YMeHbINeHHeEM KOHUEHTpallMu mleoun. B ouenb pasOak 
JIGHHBIX pacTBopax (0,01; 0,03 N KOH, a Taxxe HacpmeHuom wuHKaTom 0,1 J 
KOH) Qnace MpHOmMsuTebHO paBHo | mMKya/cm?. Ecum mpHusaTb Kosdbunnen 
IWepOXOBAaTOCTH PaBHbIM 2,5—3 M YUMTHIBATb, YTO JIA OOPasoBaHHA OHOF 
MOHOCIOZ afcopOupoBaHHOoro KucmOpoxa TpeOyetca oKxono 0,5 mKysi/cm?, 7 
M3 MpHBeCHHbIX JaHHbIX BbITeKaeT, YTO MO Kpalineli Mepe B pa30aBJIeEHHbIX pac 
TBOpax NacCMBalMA HaCTyMaeT yxKe MPH MOHOC/Oe UWI TaxKe HENOMHOM MOKPb 
THM MOBEPXHOCTH IMHKa afCOpOMpOBaHHbIM KHCJIOPOOM. 

Ha pue. 2 mpescrapienbl aHOAHbIe MOMAPM3alHOHHbIe KPUBbIe, CHATHIE Mc 
TEHIMOCTATHYeCCKHM METOJIOM B pa3JIMUHBIX pacTBopax KOH. Kpuspie umek 
BU XapakTepHbIi JIA MHOrHX NaccuBupyloulMxca mMetasoB (4,°) *. 

IIp aHoquow Nomapusaiuu Buayale HaOMOMaeTCA AKTUBHAM OOMACTb pat 
TBOPeHHA WHHKa (HallpuMmep, puc. 2, kpuBaa 5, yyacrox ab). TlaccuBanusa wut 
Ka IPH H3MCHeCHHA €FO NOTeEHIMaa B MOJIOKUTEMbHY!IO CTOPOHY MposBsAeTC 
B CHWKCHHH CKOPOCTH pacTBopeHuA (yuacToK Uc), IpHMepHO Ha ABa NopayK 
MO CpaBHeEHHIO C SJIEKTPOMOJMPOBaHHOH JO STOrO MOTeHIMasa CKOPOCTbWO pal 
TBOPCHHA AKTHBHOFO IWMHKa MW B 3aMeJWICEHHM POCTa CKOPOCTH paCTBOPeHHA Ip 
asbHelilem pocTe noTewunaa (yyactoxK cd). IIpu pocraTouHo MosOxKUTeMbHBI 
SHAYCHHAX MOTCHUMAaIOB CKOPOCTh pacTBOpeHHA UMHKa NouTM Mepecraer 3aBi 
ceTb OT NoTeHiMasa (yuacToK de). PopMa KpuBbIX HM pacueT NOKa3bIBAIOT, U1 


* B camoe nocuequee BpeMA MOZOOHEIe AHOAHHIe KpHBbIe ObIH MO/yUeHbI H Ha LMHKe (' 
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Tor «MpeAebHbIH> TOK B OOMACTH MaCCHBalMu He ABMAeTCH OOHIUHBIM AUddby- 
MOHHBIM IIpeeIbHbIM TOKOM. MoxHO NpeqMOO*KUTb, YTO BeMUMHA «Ipeseb- 
oro» TOKAa OMpeeIAeCTCA CKOPOCTbIO XHMHYECKOFO PacTBOpeHNA (hasoBOt M1eH- 
M, TOJMMHa KOTOPOH ocTaeTca Hen3mMeHHOH (4). OnbITH! MoKa3anH, uTO HMoCc- 
@ HACTYIICHHA MaccuBalHH Hyg, 

WIbHOrO CBHra MOTeHIMaua B Tae g 76 
OJIOMUTEIbHY!O CTOPOHY, NpH ~-f0 

BIKJIOUCHHH AHOJHOTO TOKa, 

TakoxKe Npu ciadow KaTOWHOK 6-95 

OIAPH3alHn HaOoaerca 

Hayala ObICTpbI BO3BpaT T0- 0 

eHI[HaJla B OTPHILaTeJIbHY10 CTO- 


ony, a 3aTem npn —0;7—0,9B Gs 
OAIAeTCH 3amepHKKa (CM. 
uc. 3). Tlosapnenne 3anepxKu 40 
BA3aHO C YaCTHUHBIM BOCCTa- 
OBJIEHHEM TOHKOM asozoli $3 


JeHKM, oOOpasytolelica ' npn - 20 
? ; : Maes 
HOJHOH NoaApusanun. Bemn- ? y 2 gongn fen? 


WHa MOTeHIM ada HavaJla Q 


ee ee eancrca mage Puc. 3. Kpppie BospacraHia NoTeHuMaa mp KaToy- 
M MOKASbIBAeT, YTO HWICHKA CO- ott naorHocTa ToKa 0,017 Ma/cm? nocne naccuBayis 
ep2KHT KPOME€ OKHCH IMHKa Hg reyenne 60 MMH. MpH pa3sAHUHbIX MOCTOAHHBIX M0- 
Os1ee TOOKUTENbHOe COeCMMHE- TeHYHanax: / —(—1,1 B) u (—0,9 8); 2 — (—0,7 B); 
nue, uem ZnO,— uanpumep, 2%—(—0,5 8); #—0,1 3; 5—0,5 B; 6—1,3 B,; 
MepeKUCb WHHKa. a 

_ PactBpopenve WUHHKa Ha 

<IPeeIbHOM» TOKe, IMO-BYAMMOMY, OMpemedaeTcCA CKOPOCTbIO XHMHYeCKO! 
peakllHH pacTBOpeHHA oKuCH (a Tak»xKe MepeKHCH) WHHKa: 


HY emer y ZnO + 20H~ > ZnO~ + H,0O. 


STUM MOXKHO OOBACHUTb HaGJOMaeMy!O CHJIbHY!IO 3a- 
BUCHMOCTb <«IIpeeJIbHOrO» TOKa OT KOHI[CHTPallun 
mmenoun (puc. 2). YcTraHoBsJIeHHaA HaMH 3aBHCHMOCTb 
7 SMpefebHOrOy TOKa OT KOHMEHTPallHM MOHOB WMHKaTa 
a B IIPH9JIEKTPOLHOM Cyl0e pacTBOpa * OObDACHHETCA TOP- 
MO3ALLHM BJIMAHHCM HMOHOB WHHKaTa Ha CKOPOCTb 
5 PaCTBOpeHHA IWICHKH. OTHM 2K MO2KHO OOBACHHTE. 
7 saBncuMocTh CKOPOCTH PpaCTBOPeHHA WHHKa OT Tepe- 
uy 20 MeUIMBaHHA JeKTpomHTa (puc. 4). 
WON O6pas3yroulanca (:a3s0Bad MWwieHKa MH BOSHMKaloUlan 
Puc. 4. 3aBMCHMocTb CKO- B He MepekuCb IMHKa HeOOA3AaTEJIbHbI JWIA MaccuBa- 
|e Oran WMH WHHKOBOrO 3JIeKTPpOa. ITO BUAHO H3 TOO, 4YTO: 
st yraooii cKopoctu wpa- MaCCHBallHsl HacTyNaer yxe Ip MoTenuMase —1,1 
nenua (@) B pacrsopax. WH —1,0 B (puc. 2), T. e. MpH MoTenwuanax Gosee 
5 N KOH: 1—-+0,68; OTpMlaTeJIbHBIX, YeM MNOTeHUMA BOCCTAHOBJICHUA 
2 —(—I1,1 8); B HacbIeH- eneKHcH IMHKa B (pasoBoli meHKe. Kpome Toro, 
HOM UMHKaTom 0,5 N KOH: 
3—-+0,6 wp: » 0,25 Kak ONMMCAHO Bbillle, KOMUECTBO S/eKTPu4eCTBA Os: 
N KOH: 4—-+0,6 3; UMayulee Ha MaccuBaluto, Mp COOTBETCTBYIOMMX yC- 
~ §6—(—1,! 8): JIOBHAX MeHbIUe TOTO, KOTOPOe AOCTATOYHO IA OOpa— 
30BaHHA Pa30BOro COA HA NOBEPXHOCTH 9JIEKTpOa. 
\6pasoBanue MepeKucH WHHKA B (a3sOBOM CJOe ABMAeETCA CJeACTBHEM TaccH- 
SaILMH QJIEKTpOa, a He ee NPHYHHOH; Oe3 NpemBapuTebHOK NaccnBaluu Mo- 
TeCHILMaJI WHHKOBOFO 3JIEKTPOa HEBO3MO%KHO JOBECTH JO TOTO 3HaveHHA, MIpK 
<OTOPOM HauMHaeTCA OOpasOBaHNe STOFO COeMHEHHA. 


0 


N 


\ 


* Hanpumep, mp KOHWeHTpauHH uMHKaTa 3,6-10°? N ckopoctTb pacTEopexun B £—2,5, 


)a3a MeHbule, vem pH 1,7-10°% N. 
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113 yKa3aHHbIX BbIIUe OMbITOB BbITeKaeT, YTO Ha MaCCMBallM10 IHHKOBOTO 9VJIek 
Tpola MpH ero aHOAHOM NOMAPH3alMN BJIMAIOT KOHILCHTPalHOHHbIe H3MCHCHH 
BOJIM3H MOBEPXHOCTH 3JICEKTPOMa, KOTOPbIe CMOCOOCTBYIOT H3MCHEHHIO COCTOAHU 
MOBEPXHOCTH, IPpHBOLAULeMy K TOPMOKeHHIO Mporecca PacCTBOPeHHA WHHKE 
Tak Ke KaK Hf B CJlyuae NaccuBalnu *KeNesa B Ulemouax (’), MaCCHBallMA WMHK 
B WeIOUN BbISbIBaeTCA acopOuHeH KUCMOpOLa WIM PHAPOKCHa B KOJIM4eCTBE 
HEJOCTATOUHOM JIA MOKPbITHA BCeH MOBEpXHOCTH OAHOATOMHBIM CIOeM. BO3HHK 
HOBeHHE IVICHOK, HMeIONIHX Pa3s0BylO IIpHpozy HW COsep*KalllMX NepeKWCb IME 
Ka, ABJIACTCA BTOPMUHbIM IIpPOIeccoM. 


MucruTyT 9u1eKTpOoxHMHn Ilocrynuu10 
Axkajlemun HaykK CCCP 1 T1960 
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Horuaajn Arnagemun nayr CCCP 
1960. Tom 132, Ni 3 


PHSHYECKAA XHMHfA 


Axanemuk Buxt. HW. CIMibiH, E. A. TOPYEHKOBA u HM. H. PJIASKOBA 


BJIMAHHE PAXHMOAKTHBHOLFO H3JIYYEHHHA TBEPAOPO TEJIA 
HA HPOUECCbI ErO PACTBOPEHHSA 


VissectHo cCpaBHHTe/IbHO HeOOMbINOe YHCIO NccMefOBaHHH, B KOTOPbIX 
FMeuaeTCA BJIMAHME PaWOaKTMBHOTO H3JyYeHHA TBEPAbIX Te Ha 3apxAy UX 

BepXHocTu (1) H Ha HeKoTOpbie (pH3HKO-xHMMUeCKHe cBoOlicTBa (*), B TOM 
cle Ha CKOPOCTb peakIMii M380TOMHOTO OOMeHa B TeTepOreHHbIx cucTemMax (°), 
TAJIMTHYECKYIO AKTHBHOCT (4) H CopOMMOHHYy!IO cnoco6HOcTS (°). 

AxsTopaMi JaHHoro CooGmeHHA U3y4eHO BIIMAHHEe palMOakTHBHOCTH Cy JIbdata 
pus, MeueHHOrO c TOMOl[bIO S®°, Ha KHHETHKY ero pacTBOPeHHA B Bose 
Ha BeJIMYHHY PaCTBOPMMOCTH. yeh 
OcNeqHAA HeEOJHOKpaTHO OM- F 


eAeANaCh pasJIM4YHbIMH MeTO- 
aMH U cocTaBneT 2,3 Mr/n 8 

pu 18°(5). M - 6 
pu (°). Muorumu uccseno Sw 
aTeaMu OTMeyasica pa oco- SS 
eHHOCTeli B MoBeqeHun BaSO, RS 4 
pu ero pactsopenuu, nanpu- S& 
ep, OOpas0BaHve pacTBOpOB, Re 


OHNeHTpalMsA KOTOPbIX Bpe- 
HHO (He Gomee 24 uac.) npe- 5 0 15 20 2 Gall 
OCXOJMIa HOPMaWbHyIO pac- 


BOPHMOCTb COJIM MOUTH B [Ba 
asa (*). YKas3biBaviocb (§), uTo = mpemapaTos BaSOg4 pasanunol yrenbHow aKTHBHOCTH. 


_  1—0,7 mCu/r, 2—1,0 m Cu/r, 38—9,0 m Cu/r, 4— 
ee PUMOCTS BaSO, ee. 19,9 mCu/r. Comb YroToBuwiacb CHBaHMeM 9KBHBa- 
O HOCTOAHHA JIA KPUCTaJJIOB, 


% 
a3Mep KOTOPBIX He G6Osee ACHTHBIX KomHueCTB 0,1 N pactsopos BaCleu NasSO4 


Puc. 1. Kunetuka pacTBopeHia B Bone mpn 20° 
x 


Cepa-35 BBoqwacb B cymbiaT Oapua pw ero ocaxyenuu. [Ipenapari 
aSO, roropusmuch no (°). Topauue 0,1 N pacrsBoppt BaCl, u Na,SO, (B HeKo- 
pHix cayyanx 0,1 N H.SO,), comep»xaujMe onmpeeneHHoe KOsMYecTBO S**, 
MMBaIUCb C OMMHAKOBOM CKOpOcTbiO pH NepememmBaHuH. IlocneyHee mpo- 
OIKAaIOCb | uac MpH HarpeBaHHn yo 70—80°. Ilocue storo ocaqoK OTcTaHBaJIcAa 

MaTOUHOM pacrBope 20 yuac. OrmpiBaHue ocaskop BaSO, mpor“3sBofMsocb 
iauayla BOOM, 3aTeM 3THJIOBbIM CIHPTOM, CYLUHJIMCb OHH TIpH TemMnlepatType 
0—85° no nmocTosHHoro seca. YjeubHad MOBepXHOCTb IipenapatoB BaSQ, 
IpeleAacb BUSYaJIbHO-MukpocKkonuyeckuM (1200 x) Hn ameKTpOHHO-MHKpo- 
<onMyuecKkuM (12000 x) Merogamu. Pasmep uactun BaSO, coctrapaau 2,7—8,] wp. 
OJIYYCHHBIe JaHHbIe cormacyfoTca c pesybTaTamu (°). 

Jl UcceqOBaHuA PacTBOpUMOCTH B IpOOUpKy BHOCHIOCb 0,5 r padwoaKkTue - 


x 
oro BaSO, u 50 ma OugucTHsAupoBaHHON Bob. I]ponsBo_u0cb NepemelinBa- 
ve mpH 20-+0,5°. Uepes ompeyeneHHble mpoMexkyTKH BpeMeHH OTOUpaHCb 
DOOLI pacTBopa, KOTOpble TPHxXAbl WeHTpHpyrHpoBaHCb CO CKOPOCTbIO 
J00 06/mMuH., Tlocule Yero HAHOCHJIMCh Ha MUHINeHH JIA US3MepeCHHA AKTHBHOCTH. 
O 3HauCHHAM AKTHBHOCTH MpoObl pacTBopa H YJleJIbHOM AKTHBHOCTH ocafKa 


x 
aSO, paccunTpIBasloch Cojlep»kaHHe CoH B pactBope (7°). PesysbTaTbl UccueLo- 
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¥ 


BaHia KMHeTHKH pacTBopeHHa BaSO, pa3JIHUHoli Biches AKTHBHOCT 


HonyyeHHoro caupanuem 0,1 N pactBoposp BaCl, u Na,SO,, mpHBeder 
Ha puc. l. ¢ 1 
O6pamjaer Ha ceOA BHHMaHMe, UTO NP YebHOM padvoakTHBHOCTH Mp 
patos nopsqKa 0,7—1,0 mCu/r HaOmofaeTCA CHadaJia 3HadMTeJIbHOe Nepecbill 
HHe pacTBOpoB, KOTOpoe ycTpaHAeTCA MpHMepHO MocuJe 25 wac. nepemeniaaga 
*KUKOCTH Cc ocanKom. IIpenapaTbi ¢ yXebHOM pakvoakTuBHocTbio 9—20 MCu 
Méefn 


De 
x 
So 
= 
SS 
S8ss 
Ne 


Q® 

= 
s 8 2 3 
Sa = 
Q S 20 ° 
8S s 
34 B 15 
wn 

S 
S Ss @ 
= Ne 
: S 4 é 
va Se 

[eee eee eee eee 
5 50. 15 100 15 160 vac. 035 50 15 100 125 150 a0. 


Puc. 2. Kuneruka pacTsopeHuaB Bone Puc. 3. KuneTuka pacTBOopeHua B 


x 
mp 20° BaSO.c axTusHocTbio 0,6—0,7 sone npy 20° mpenapaTos BaSO, 
MCu/r (/, 2, 3) u 8—9 MCu/r (4, 5,6). pa3muuHol yetbHOM aKkTMBHOCTH. 
IIpenapatst nowyuennt: J y 4—ssan- 1—0,13 mMCu/r, 2—1,47 mCu/r; 3— 
MOJe€HCTBHEM SKBHBaJICEHTHBIX KOJMYecTB 8,2 mCu/r, 4—98,1 mM Cu/r. Coub ro- 


% TOBHJIACb CIMBaHHeM SKBMBaJICHTHBIX 
eee He lee? coe apa sya Komnyects 0,1 N pactsopos BaCle u 


x 
mpu 20% u36nITKe BaCl. H.SO, 


He MOK@3bIBaloT MOMOOHOrO ABJICHHA: KOHUWeHTpalua BaSO,; B HUX yBeJMUI 
BaeTCA C TeYCHHeM BpeMeHH. 

Ec. CONOCTaBATb KOHCYHEIC KOHILCHTPallH NOJYYCHHBIX PACTBOPOB, MOXKE 
CielaTb BbIBOA, YTO PaCTBOPHMOCTb cybdatTa GapuaA, MPHTOTOBMeHHOTO YK 
3aHHbIM BbILle CMOCOOOM, ABJIACTCA MAKCHMAJIbHOH B CuIy4ae yebHON paluoal 
THBHOCTH NopsAyKa 2 mM Cu/r mw yMeHblllaerca KaK Mp ee BOSpacTaHun, Te 
M pW nowwKennH (puc. 4, /). Mogo6upri xoq KpuBou aHasorM4ueH OTMeUeHHC 
OJHHM M3 HaC paHee 3aKOHOMePHOCTH BJIMAHHA yebHOM payMoaKkTMBHOCTH TBE 


x 
ol (asbl Ha KHHETHKY M30TOMHOFO OOMeHa Cepbl B cucreme K,SO, — SO, (8, } 
x 
HM KHCOpoza B cucTeme Na,SO,-— O, np BEICOKMX Temnepatypax (7). Cueny 
x 


OTMETUTb, UTO PaCTBOPHMOCTD paqMoakTUBHOrO BaSO, Bo BcexX OMbITaX MpeBi 
WWasla PaCTBOPHMOCTb Cy bata Oapva, U3BeCTHYIO MO JIMTepaTypHbIM JaHHbl 


x 

PacTBopuMocTb pafquoaKTuBHoro BaSO, eme Gonee yBemMuHMBaeTcs, eC, 
MpH Nonyyenwu ero MpemapaTOB B3ATb H30bITOK OMHOTO U3 peareHTO 
HanOoubiuee BospacTaHve pacTBOpHMocTH HaGvlOqaeTca B cyyae HcnoOmBe 
BaHuA M30bITKa BaCl, (puc. 2). 

Jia mpenapatop pa3siuuHoli yyeibHol panuoaKTusHoctu (0,6—0,7 
8—9 mCu/r) coxpausetca MpH 9TOM ToT xe XapakTep AocTHKeHHA paBHoBec 
C HACBILCHHbIM PaCTBOPOM, KOTOPbIi y2Ke OblJI OTMe4eH Bblllle (puc. 1). 


x 

PactBopuMoctb pagvoakTuBHoro BaSQ, ctTaHoBusiacb 3aMeTHO MeHBI 
CCIM COJIb TOTOBHJaCb 10 MeToguKe (°), HO c HcMomb30BanHeM 0,1 N pactBo 
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x x 
290, BMecto Na,SO, (pvc. 3). Ojnako KpuBble KHHeETHKH pacTBopeHua 
MeJIM TOT Ke BH, uTO u Ha puc. |. IIpenapaTbl c yembHOH paqHoaKTuB- 
octbio 0,1 wu 1,5 MCu/r mokasaM 3HauHTeIbHyIO CKJOHHOCTb K SABJICHHAM 
epecbiimeHua. II[pu akTuBHoctu mpenapaTos 8,2 mCu/r u 98,1 mCu/r nogo6upie 


x 
BIICHHA He HaGOwloqanucb. Bce u3yyeHHble OOpa3subl pasuoakTuBHoro BaSQ, 
Me Oolee BbICOKYIO paCTBOPHMOCTb B BOse, YEM 3TO YKa3bIBaeTCH MWA 
epalMoakTHBHOrTO cysbibata Oapua. 
pHBad KOHUeHTpallMli HacbIIeHHbIX 


a 
x xB / 
acTBopoB BaSO, B 3aBHCHMOCTH OT D oy [Oa 
leIbHOH AKTHBHOCTH MpenapaToB B e° i 


TOM Clyy¥ae TakxKe XapakTepn3yercsA 
aKCHMyMoM (puc. 4, 2), moqo6Ho KpH- 
OH PpaCTBOPHMOCTH MpenapaTos, Nouwy- 
eHHbIX TIpH B3aHMOelicTBuu BaCl, u 
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Pacmbopumoc: 
S % AD 


x 
a.SO, (puc. 4, /). Onuako Besmmunna / 10 100 
aKCHMYMa JIA KpHBOH 2 MeHee pe3KO Yoenonan axmmubnocine, m0 [2—— 
blpa *KCHAa. Puc. 4. Bauauue yiembHok pafuoakTHBHO- 
OnucaHHble BBbILUe ABJICHHA, MO-BUAN- 
{OMY, HY2KHO OOBACHHTD, KaK CJIeJICTBHe 
HeNpepbIBHOrO UCcIycKaHHaA -yacTHIL 


x 
| aes lpenapatamu BaSQ,. 
Bosnukatoulve Ha rpaHHue pa3yeua 
7 QJIEKTPHYCCKHE 3apAMbl JOJKHBI 
JHATb Ha CTPYKTypy JABOHHOrTO CJIOA H COYeCHCTBOBATb JONOJHUTebHOM 
alicopOlUMH MOHOB ocafKoM. Co3falolvecH 9JIeKTpHuecKne MOA, OYeBHHO, 
OKa3bIBalOT Ha Mpoleccbl paCTBOpeHHA BJIMAHHe, aHaJIOTHYHOe MOHHOH cule 
pacrBopos. M3pecTHo, YTO paCTBOPHMOCTb MaJlOpaCTBOPUMBbIX BeIIeCTB B CHJIbHOIi 
Mepe 3aBucuT oT 93Toro daxtopa (!* 14), Hasuyne MakcHMyMa Ha KPHBBIX, 
MOKA3bIBaIOLNX 3aBHCHMOCTb pacTBOopwMocTH BaSQ, oT ero yesbHOK payuo- 
AKTHBHOCTH, MOXHO OOBACHHTb U3MeCHeHHEM XapakTepa B3aMMOseHcTBUA 
8-uaCTHIL C BeLIeCTBOM Ip 3HauHTeJIbHOM yBeJIMYeHHH UX UNca (1). HyxHO 
OKUMaTb, YTO BAMAHHE yJebHOH palvoOaKTMBHOCTH OCaJKOB Ha BeJMUMHY 
HX PaCTBOpHMOCTH OyzeT Coulee pe3KHM B CJIYYae MaJlO paCTBOPHMbIX coedl- 
HEHHM WM MpH BbICOKOM SHeEpruvH H3/IyYeHusA. 


x 
cTH BaSO, Ha BemuyNHy ero pacTBOpuMocTH 
B Bome npH 20°. Cnoco6b nojyyeHHa 


x x 
BaSO,: 1 — BaCle+ NazSO4, 2 — BaCle + 
x 
+ H2SO, 


Vuctutyt dusnueckol XHMHH Tlocrynuso 
Akajemuu HaykK CCCP 24 II 1960 
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Jloxnann AKkagemun nuayr CCCP 
1960. Tom 1 2, Ni 3 


XHMHYECKAA TEXHOJOIH 


B. M. MAJIBUEB u i. ©. MOXMJ 


O CFOPAHMH JibIMOrA3OBOH CMECH TOPOXA 


(ITpedcmaeaeno axademuxom B. H. Koxdpamvesoim 9 I 1960) 


Jlanuaa paOora mocpalleHa uccieqOBaHHO Pu3HYeCKHX CBOMCTB TaMel 
MOpOxa, OKCHepHMeEHTabHaA YaCTb PaOOTb! MPOBOANMAaCb Ha YCTAHOBKe, pa 
padotannoit B Mucrutyte xumMuyeckow dusHkH AH CCCP u omucannon B (? 

BaxkHbIM (bu3HYeCKUM NapaMeTpOM B psie BOMPOCOB, CBA3AHHbIX C MEX 
HM3MOM FOpeHH¥A Mopoxa, ABAACTCH MOMIOWaTebHaA CMOCOOHOCTb TWaMeH 
Hamu BbIMOHeHO M38MepeHHe MOrOUlaTeJIbHOM CMOCOOHOCTH TW1aMeHH Topo? 
At TOPO, YTOObI ONCHHTh BeCOBYIO KOHMEHTPalMio [bIMo- rasopolt cmecn. UM 
C€OBAHHA MOrOULaTebHOK CHOCOOHOCTH TWwiaMeHH ObWIM MpoBeeHbl wept 
mpomexkyTku 0,1 MM Mo BbICOTe MwaMeHH B CJIeqyIOUIMX JVwiMHaXx BOTH: 405! 
4950; 6700; 7710 A (untepdepenunonnple ctbustbTpHl). Pacuerpt BecoBolt KOH! 
Tpaluu JbIMa IPOBOMHWJIMCh B pa3JIMUHbIX (UKCHPOBAHHBIX Y4YaCTKAX CHeKTE 
WM MOJIYYeHHbIe pe3syJIbTaTbI OKA3aJIMCb OJIM3KMMH. 

OOdpasel uccuIehyeMOro HUTPOrIMMepHHOBOTO Mopoxa AuamMeTpOM 7 MM 
OpOHMpOBaHHOH MOBePpXHOCTHIO yCTaHaBJIMBaJICA B OOMOY NMOCTOAHHOTO JaBJi 
HMA WM NOsKuUraca c TOpiua. [lama nopoxa MpocBeyuBaJIOCb MOWMLHOM KCEHOHOBO 
Jamo. Ecam A® — kanMOpopounasd aMMIMTyLa CBeTOBOrO MOTOKa OT KCeHK 


HOBOH JIaMMbl, KOra Ha WyTH MOTOKA K eH KOJIMMaTOpa HeT MaMeHH, 
A, — amlsuTya cBeToBoro MOTOKa KCeHOHOBOM JIaMMbI B MpHCyTCTBHA THe 
MeHH, TO JIA ONpefesIeHHA MOrOWaTebHOH CMOCOOHOCTH JOCTATOUHO B3AT 
OTHOLIeHHe 


Hexoya W3 SKCIepMMeHTaJIbHbIX PC3YJbTATOB H3MePeHUA MOPMOULAaTeIbHOM CHC 
COOHOCTH JbIMO-ras0BOH CMeCH HO BbICOTe (bakeJIa B 3ABUCHMOCTH OT JaBJIeHNS 
laMA MOYKHO pasOuTb (B MHTepBase AaBseHul oT 20 yo 50 aTM.) Ha TPH pesk 
BbIPAXKeHHbIE 3OHbI: NepBad 30Ha — OT MOBepXHOCTH Nopoxa Oo TouKu fk 
(B TOUKe Ky MMHHMYM MOFOULaTeIbHOM CMOcOGHOCTH); BTOPad 30Ha — OT TOK 
Kw Ky Ro Touku K, (oT Touku K, NormomateibHad chocoOHocTh mMpuHuMae 
HEKOTOPOe MOCTOAHHOe 3HaYeHHe); TPeETbA 30HA — 30HA MAKCHMA@JIbHOU Temne 
paTypbl. 

OCHOBHBIM HW XapaKTepHbIM JWI BCX TPeX 30H TWaMeHM Mopoxa sABaAeTC 
YMeHbUeHHe NOPIOUlaTeAbHOK CMOCOOHOCTH TiaMeHH C yBeM¥YeHHeM JVWIMH 
BOJIHbI MW YMeHbIIeHHe TEOMETPHYCCKUX Pa3sMepOB C POCTOM aBJeHHA. 

Ha OCHOBaHHH SKCIEPMMeHTAJIbHBIX U3MepeHHH MormouLaTenbHO crocot 
HOCTH IJIaM€HH BO3MOXKHO OLeCHHTb BeECOBYIO KOHI[CHTPallHlO JbIMOrasOBOli cme 
CH MO BbICcoTe (bakesa Mwiamenn. KoasdpuluenT MorsouleHua & CBA3AH C MOKé 
3aTeJIEM NOTIOULCHHA Q, CJeyIOULMM O6pa3om 


In(4—a,) 


a= i 4 


it 


: 

— ]lMHa OMTHYeCKOrO NyTH. Pa3sMepbl a2poO30MbHbIX YACTHIL WbIMa, OOpasy10~ 
eroca MIpH UCHeprHpOBaHHH PeaKIMOHHOTO CJIOA, H3MeHAIOTCA B Mpemeax 
01—0,1 uw. B stom cayuae cnpapenuBa cpopmy.ia 


36 rn 
Ka= (m2+2)r’ 


— NOKaszaTelb TipeOMIeHHA, paBHblt 1,2—2,7 (*); x — noKa3aTeib morso- 
ens, paBubilt 10->—10~*(*); u—o6bem yacTHUbl; m—KOMIVICKCHbIM NOKa3aTevb, 
penomieHua, AK, — KoosmpuynenT oca6eHuA WIA WAHHOW JWIMHbI BOHBI. 

A 5 


4050° 


7H 


= 
WAT 


Pue. |. SaBpucumMocTH norjmomaTesbHO CnocoOHOCTH JbIMOra30BOll CMeCH nO 
BbicoTe (pakeyla mmaMeHH mp aBrenuu 20 arm (A) u 40 arm (5) 


O6o3HauHM 
36 mx 
(m?+ 2) RK - : 


B 
MOxKHO MOKa3aTb, YTO a = p, 4 Tne g—BeCOBaH KOHILCHTPallua, o,— MWVIOT:. 


(OCTb NOpoxa. 3HaA a, HaXOMMM BecOBy!0 KOHIeHTpauuto g. Ha pue. | u 2: 
IPHBECHbI Pe3yJIbTATb! OMpeleMeHHA MOFOWLAaTeIbHOM CMOCOOHOCTH MO BbI- 
oTe (bakewla MvlaMeHH B 34BMCHMOCTH OT JWIK- 


bI BONE! HM Japsenua. B pa6ote(!) Onio “7” 

OKa3aHO, TO HauvasibHad cTalua ropenua , VW pastime 
MTPOFMUEpHHOBOFO Mopoxa ocyulecTBuser- | 40 

fd B P€aKI[MOHHOM CjI0e KOHJeHCHupoBaH- SQ 

Oro BeleCTBa, B KOTOPOM MpOTeKaioT CyM- <p a Ups ay 
apHO-SK3OTepMUYeCKU Mpouecc pasmoxe- 2 
MA MeHbilleH yuactTH (~ 30%) wm Aucriep- G25 05 O75 1 mm 
MpoBanue Ooubilel actu (~ 70%) KOH- ——— 


CHCHPOBAHHOTO BEILeCcTBa. Pa3BuTHe PpeaK- Puc. 2. Ppadux sanucumocry Becosoli: 
Wa B JbIMOra380BOH CMeCH 3aBHCHT OT KOHMeHTpalyn TbIMOrasOBOH CMeCH Gg: 
aBJIeHHA OKpyxXKatoulel arTmocieppl. Aspo- 0 sBbicoTe *akena naMeHH A npn. 
WIbHbIe YACTHIbI JbIMa, Buraicb BMeCTe pasauuHbix Lapnenuax P 
raz00OpasHbIMH TIposyKTaMH Mopoxa, XMMHYCCKH pearupyloT, yMeHb- 
laacb B pasmepax. Ha puc. 3 npuBesena BeCOBad KOHIeHTpanua [bima 
9 BbICoTe (bakema Tiamenu Nopoxa H mpu pasmM4HbIX AaBsenuax. M3 npuBe- 
SHHOrO pe3yJIbTaTa CJELYET, YTO BeCOBaAH KOHILCHTPaluA bIMa TIO BbICOTC 
akeJia MIaMeHH MO Mepe YaJIeEHHA OT MOBep xX HOCTH Nopoxa pe3kKO Mader. 
ak HallpHMep, B MOMeHT OOpa30BaHHA AbIMOrasOBOii cMecH IPM Aucmeprupo- 


O47" 
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SaHHM Pe€aKUMOHHOrO COA MOPOXa, BECOBAA KOHICHTPallHA AbIMa PaBHa OKO. 
1,1 r/cm?, a Ha paccrosunuu 0,25 mm MIpH fapaenuuH P = 20 atm cranosur 
paBHol 30 mr/cm®, OuepuqHO, YTO OCHOBHaA Macca 4yaCTHIL AbIMa pa3iaraer 
BOJIM3H MOBEPpXHOCTH Mopoxa. 


HucrutyT xumuueckoli dusuKu Iloctynuso 
AkajleMHH HaykK CCCP 31 XII 1959 


HWHTHPOBAHHAA JIMTEPATYPA 
18) Oy, ICC See ay. J\ucceptayuua, M., 1954; A. H. Tanpnepuu, B. M. Mag 


ges, TI. ®. Tloxua, JAH, 127, 131 (1959). 2K.C. Ile od puxH, Pacceusanue cBer 
8 MYTHBIX cpeqax, M., 1951. 311. ©. Moxua, usuxa B3pbisa, 2, M., 1954. 


Pal ree eer ae 


Hoxnayne Akagemun nayx CCCP 
1960. Tom 132, Ni 3 


CEOJIOLPH A 


M. B. BATACAPOBA, JI. Tl. PPO3QHJIOBA, H. C. JIEBEEBA 
xT. HW. TEOMOPOBUY 
O CTPATHFPA®HYECKOM PACUJIEHEHHM TEPPHPEHHbIX 
OTJIO)KEHHM HM)KHEPO KAPBOHA 1O)KHOM YACTH 
KM3EJIOBCKOrO BACCEHMHA 


(IT pedcmaeaeno axademuxom JI. B. Haauexuneim 16 XII 1959) 


CrpaTurpapuad TeppHreHHbIX OTJIOKeHUM HwKHeErO Kap6ona KusemoBcKoro 
acceliva JO HaCTOAUero BpeMeHH OcTaeTCaA HefocTaTouHO acHoH. WM. WU. Top- 
um ¥ 11.JI. Tumodeesok Ha ocHoBaHuH cbayHbl Opaxuonog M3 BepxoB paspesa 
PICHOCHOH TOJIMLM WeHTpasibHow uactH KusemoscKoro OacceliHa MpHHuMaJca 
, OCHOBHOM HHKHEBH3EHCKHH ee BospacT (*). Hekotopple aBTopbl Mpesmomararor 
’,°), WTO HWMKHAA YaCTb YPJICHOCHBIX OTOMKeHU 3allaqHoro CKIOHAa Ypasa uMeeT 
ypHevickuH Bo3spacr. B OTeJIbHbIX paHOHax pacuIeHeHHe TeppHreHHOH TOJI- 
WH MpoOBosnoch Ooee No_po6HO uM Ha pA AMTOMOrMYeCKUX «cBUT» (3), 
(IM Ha *Palluabuble THNbI paspesos (2). H. Il. Mamaxosa (4), oTHocamlaa yrue- 
(OCHY10 TOJIILY K BU3eHCKOMy aApycy, B KbIHOBCKOM palioHe Ha OCHOBaHUN (cbay- 
bl POpamuHUdep ycTaHoBHa, YTO CaMaH BEPXHAA YaCTb TEPPHFeHHbIX OTMORe- 
MM C MpOCJIOAMU H3BeECTHAKOB OTBeYAeT HWKHEH 4YaACTH TyJIbCKOFO TOpH3OHTA. 

B 1958 r. Hamu Obl COOpaH uw OOpaboTaH KepHOBbIN MaTepuad MO *KHOK 
actu Ku3enopcKoro Oaccelina. 3yecb TeppHreHHad ToOJLa, BCKpbITad pxAOM 
KBaXKHH, ocTuraeT mowHocTH 200 m. Popamunudepel Onlin OMpeseseHb 3u- 
oH 1958—1959 rr. JI. I]. [po3qumonow u H. C. Jle6enepon. [locnofnoe usy- 
eCHHe pa3pe30B C YYeTOM JIHTOMOFHYeCKHX OCOOeHHOCTeH HM pacipesxemeHua cpo- 
aMUHUep MOSBOJIMJIO BbINeIMTb HECKOJIbKO CTpaTurpadpuyecKHX TOPH3OHTOB, 
BIAOULMXCH JOBOJIbHO CXOJHbIMM C TOPH3OHTaMH TeppHreHHbIX OTJIOKeHHH 
wKHerO KapOoHa PycckohH nuaTdopmMpl B patone Kamcko-KunHeibcKol Bila- 
WHBI. 

B paiioue cr. Kbit, 10 JaHHbIM paya cKBaxKMH (NoNe 1495, 1438, 1433), Tep- 
WTeHHble OTJOKEHUA HW KHEFO KapOoua OOBIUHO 3aeratoT Oe3 KAKUX-sIHOO AB- 
bIX MPH3HAKOB Pa3MbIBa Ha TOJIMe TEMHO-CepbIX OMOAETPHTYCOBLIX C1a60 TvIn- 
MCTbIX M3BECTHAKOB B BEPpXHel YaCTH C PEAKMMUH MpOCJIOAMM TEMHO-CepbIX KBap- 
€BbIX AJICEBPOJIMTOB H H3BECTKOBHCTHIX AJICBPHTHCTHIX aprHHTOB. B usBecr- 
aKaXx OMpeeen clexyroulu KomimeKc dpopamuuudep: Plectogyra ci. superba 
Mal.), Pl. cf. kosvensis (Lip.), Pl. tuberculata (Lip.), Pl. cf. obesa (Mal.), 
1. cf. paraukrainica (Lip.), Pl. cf. recta (Lip.), Pl. inflata var. maxima (Lip.), 
1. (?) cf. latispiralis (Lip.), Pl. costifera (Lip.), Pl. cf. paracostifera (Lip.), 
1. cf. cuneata (Mal.), Pl. prisca (Raus. et Reitl.), Chernyshinella ex gr. 
aucicamerata (Lip.), Haplophragmella sp., Tournayella pygmea Leb., T. 
f. discoidea var. uralica Grozd. et Leb., Spiroplectammina nana Lip., Spir. 
)., Brunsia (?) spirillinoides Grozd. et Gleb., Br. (?) aff. pulchra Mikh., 
arlandia vulgaris var. minor Raus. u ap. Kpome Toro, umeetca OoIbuloe Ko- 
MUeECTBO KPYMHbIX OCTPakOA MU CuHeseeHbIe BOLOpOcIM. BCKpbITad MOULHOCTD 
3BECTHAKOB DO M. 

Ilo komnmekcy dopamunndep 2TH M3BeECTHAKH MOFyT ObITb CONOCTAaBUJIeHbI 
pakOBCKOil TOME KH3eOBCKOrO ropu30nTa KamcKo-KunebcKol BIaMHb! (°). 

Ha w3pecTuakax 3aleraeT TOJULa TEMHO- HM CBETJIO-CepbIX KBaPIeBbIX NeCc- 
AHHKOB, OOJIbUWeH YaCTbIO MEJIKOZCPHHCTHIX, C MpOCMOAMM CE€PbIX KBaPI[eBbIxX 
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aJIEBPOJIHTOB M TEMHO-CepbIX C1a6O HSBECTKOBMCTHIX AJIEBPHTOBbIX aPIHJIJHT 
C KOHKpelMAMM TaMHUCcTOrO cugepuTa. B BepXHeM YACTH TOJIM HMeIOTCA Tp) 
CJIOH H3BECTHAKOB MOULHOCTbIO 3—4 M HM HM3BECTKOBMCTHIX aprusmuTOB. B Ye 
BECTHAKAX ONpeseien Ceqyioulul KOMMIeKC dopamunudep: Plectogyra a| 
kosvensis Lip., Pl. cf. costifera (Lip.), Pl. beata (Mal.), Pl. inflata (Lip.), F 
cf. elegia (Mal.), Pl. aff. cuneata (Mal.), Pl. aff. nebulosa (Mal.), Pl. (?) ¢ 
latispiralis (Lip.), Pl. ex gr. latissima (Mal.), Pl. ex gr. tuberculata (Lip) 
Chernyshinella paucicamerata Lip., Haplophragmella sp., H. flexiosa Maly 
Tournayella cf. moelleri Mal., T. ex gr. discoidea Dain, Spiroplectammina 4 
gr. tschernyshinensis Lip., S. cf. guttula Mal., S. nana Lip., Septaglomosf¥ 
ranella sp., Brunsia (?) cf. pulchra Mikh., Br. (?) cf. spirillinoides Grozd. { 
Gleb. u gp. 

Ilo Kommiekcy dopamunudep, a Takx%e MO MMTOMOrMYeCKOMy COCTaBy 9} 
TONULa MOXKEeT ObITh COMocTaBIeHa C M@JIMHOBCKUMM cOsMH KamcKo-Kuuerl! 
ckoli Blaquupl (°) H OTHeCeHa K BepXHeli 4acTH TypHelicKoro spyca *. Mot 
HOCTb 3TOH TomuH 60—80 M. 

Ha orjeubHblx yuacTKax (HalpuMmep, ckBaxuHa Ne 1445) ManuHoBckne Cae 
Pa3MBITHI, H HeMOCpefCTBeHHO Ha M3BECTHAKAX BEPXHEKH3EJOBCKOFO BO3pac' 
3aleralor MeCUaHO-rIMHHCTHIe OTJOMKEHHA CTANHHOFOpCKOrO, a, MO-BHAHMOM" 
cKopee, pagaepckoro (*) ropH30HTOB BH3e. | 

O6nruHo (cKBaxkuHE! NoNe 1433, 1438, 1495 u ap.) Ha BepXHUX H3BECTHAKE 
MAJIMHOBCKHX CJIO@B C HEKOTOPbIM pa3MbIBOM 3aJleralOT CBeTVJIO-Cepble H CepF 
KBapIeBbIe M@JIKO3e€PpHHCTBIe NecuaHiKH C MpOCOAMH CepbIX H TEMH' 
CepbIX KBaPIeBbIX PIMHMCTHIX aJleBpomMTOB. B OCHOBaHHM MecuaHHKH HeACE 
CJIOMCTbIE C BKJIOUCHHAMH OKAaTAHHbIX OOJIOMKOB TeMHO-CepbIX TJIMHHCTb 
mopoy. MomtHocTb Town mecuaHukoB 65 M. B 10 M oT KpoBuJIM uMeeTCA TIpOCuC 
aJICBPHTOBOFO TeMHO-Ceporo, MOUTH YepHOrO H3BeCTHAKAa MOIMHOCTHIO | M, | 
KOTOPOM BCTPeYeHbI HEMHOPOUMCIeHHbIe POPaMMHUepbl BU3elicKOrO OOINKa - 
Globoendothyra ex gr. globulus (Eichw.), Earlandia vulgaris var. min 
Raus. Ilo natliemy MHeHH1O, BCA TOJIIa MeCuaHHKOB MOKeT ObITb OTHECeHA 
CTaJIMHOrOpCkOoMy TOpH30HTy, a BepxHan 20-meTpoBad Mauka UX C ApocsoE 
H3BeCTHAKA ABJIACTCH BEPXHEH YACTLIO MoceqHErO. 

Bpuue saeraioT OTOKeHHA, CyZA MO dayHe Popamunudep, TysbcKoro rr 
PH30HTA, IIpecTaBJICHHble B HW2KHeH YaCTH YepeMOBAHHeEM TEMHO-CepbIX KBQ] 
IeBLIX H3BECTKOBHCTHIX AaJICEBPOJIMTOB MH OMOAETPHTYCOBLIX H3BECTHAKOB, Hep 
XOJAULMM BBepX B TOJILLY H3BeCTHAKOB. M3 HH KHeEH YaCTH OPH30HTA ONpeneseHt 
Plectogyra prisca (Raus. et Reitl.), Pl. posneri (Gan.), Pl. geniculata (Gan. 
Tetrataxis minima Lee et Chen., T. eominima Raus., T. paraminima Viss 
Planoarchaediscus cf. spirillinoides (Raus.), Archaediscus ex gr. krestovnik 
vi Raus., Earlandia aff. vulgaris (Raus.) 1 ap. M3 nu30B Bepxuei uactu rop 
30HTa ycTaHoBseHbI: Endothyranopsis cf. compressus (Raus. et Reitl.), En. « 
gr. crassus (Brady), Globoendothyra cf. arcuata (Grozd. et Leb.), Archaedise 
krestovnikovi Raus. (Muoro), Ar. ex gr. krestovnikovi Raus., Ar. grandicul: 
Schlyk., Ar. convexus Grozd. et Leb., Ar. cf. karreri Brady, Ar. pauxill 
Schlyk., Earlandia vulgaris (Raus.), E. vulgaris var. minor (Raus.). 

Hitak, usyyenue JIMTOMOrMH M MuKpOdayHbl CpeqHeH yacTH HMKHErO Kap6 
Ha paliona cr. KpiH MO3BOUIAeT BbIJeIHTb B €€ COCTaBe CHH3Y BBepX: 

1) Tomy MpevMyUecTBeHHO H3BECTHAKOB, OTBeYAIOLLYIO PaKOBCKUM CJIOF 

2) Be TOJIMH PHTMHYECKOTO CTPOeHHA, HaYMHalONMecA OOBIYHO aleBpHT 
MeCYaHBIMH OTJIOMKCHHAMH WM 3aBepllaloulMecA aJIeBPUTO-rIMHUCTLIMH MOposal 
C MpOCOAMM M3BeCTHAKA, OTBEUAIOMLHe MAJIMHOBCKHM CJIOAM WH HW2KHEBH3e 
CKHM—CTaJIMHOFOpCKEM, ME€CTaMM, BO3MOXKHO, MH palaescKum (°) oT02%KeHHAM; 

3) TOJIMY, CIOKeHHY!IO BHHSY TMeCYaHO-aJleBPHTO-apruJJIMTOBLIMH NMOpor 


y Typueiickuit Bospact MaMHOBCKUX Cn0eB, lo MHeHuIO JI. TI. Ppo3qusosoit u H. C. J 
OeleBoli, He ABJIAeTCH OKOHUATEAbHO PeWeHHEIM, MPHCyTCTBHe psaza NeKTorup (PI. cf. elegia Ma 
Pl. aff. cuneata Mal., Pl. aff. nebulosa Mal.) qaer ocHopanue mpegnonarath BuselicKuii BOSp: 
H COMOCTABJIATb UX C JIYHbeBCKHM TOPpH30HTOM. 
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-, 4 BbIIMe H3BECTHAKAMH C Pe€XKHMM MPOCJOAMM TVIMHUMCTHIX aJIeBPOJIUTOB, 
TBETCTBYIOULYIO HHKHETYJIbCKMM CJIOAM. 

Takum o6pasom, MO onpeyeieHuaM MukpodayHbl, IpuypoyeHHol raaBHEIM 
a30M K BepXHeH YaCTH KaXKOFO BbIeIeHHOTO HAMM TOPH3OHTA, H JHTOWIO- 
WeCKOMY CTPOCHHIO H3YYEHHHIX PaspesOB yalOCb PaCWIeHHTb Teppurenuple 
OXKCHHA HWKHErO KapOona KpimoscKoro paloua. YcraHoBseH Takx%Ke mper- 
3eHCKHM PasMbIB Ooslee APeBHHX OTMOXKEHMH, KOTOPbIH XapaKTepeH, M0-BH- 
MOMY, He TOJIbKO JIA M3y4eHHOrO palona. Cy NO HamMuMIO MOpcKOl cbayHbl 
%KHO YTBeEpKaTb, YTO 3eCb HMeJIO MeECTO YepeOBAaHHe KOHTHHEHTAJIbHbIX 
MOPCKUX yclOBHH. B To %xe BpeMA B WeCHTPaJIbHbIX palionax KusenoBcKoro 
cceiHa yCTaHOBJIeHO, YTO HaKOMJIeHHe OCAKOB, MH B YACTHOCTH OCHOBHBIX 
J€HOCHBIX TOPH3OHTOB; ABJIAIOULMXCA (allMAMH OOJIOT, NOWM H WeAbT, MpoUc- 
MIO B KOHTHHEHTAJIbHIX yCOBHAX. Mopckne TeppureHHble OCaqKN HHKHErO 
pOona B WeHTpaJIbHEIX palioHax Ku3enoBcKoro Oaccelina yCTaHOBJIeHEI JIMIUb 
ObeMe BepXHeH HM HHXKHEM NepeXOMHbIX CBUT (CBUTHI I uv IX cxempi I]. B. Ba- 
abepa (3)). 
B usyyeHHbIx paspesax KpiHOBCKOro palioHa K KOHTHHEHTAJIbHBIM PyCJIOBbIM 
JKOBMaJIbHbIM OOPa30BaHHAM MOMKHO OTHECTH JIMUIb HM XKHIOIO UaCTb CTaIMHO- 
pcKOro TOPH30HTA, SaleratoulerO C Pa3MbIBOM B OOJIbUIMHCTBe Culy¥aeB Ha 
WIMHOBCKUX OTIOKeHHAX. IIpocnoes yrueli paOoueli MouHOCTH B 9TOM palione 
» BCTPeYeHO, YTO MOXKET ObITh OOSACHCHO OTJIHMUHIMH YCJOBHAMU OCaKOHAa- 
MI€HHA OT COOcTBeHHO Kus3esosckoro palona. Menkue Hepa6ouve npociou 
JIMH3bI yrvieH yCTaHOBJIeHbI B KbIHOBCKOM paHOHe B OTJIOKeHHAX, OTBEUAIO- 
MX, IlO-BHJMMOMY, KaKOH-TO 4aCTH CTaJIMHOrOpCKOrO TOpH30HTa LWeHTpaJb- 
IX paHoHosB Ku3enoBcKoro Oaccelina. 

Uo Kacaetca conocTaBleHua BbIeIeHHEIX HaMH TOPH3OHTOB co cxemoii 
. B. Bacusmbexa (') 21a Ku3enospcKoro OaccetHa, TO MOXKHO CUNTAT, ITO Bepx- 
A lepexoqHas cBuTa 9TOH cxembl (IX) Hu, BO3MOXKHO, BEPXHAA YaCTb yeTBep- 
H yrueconepKamleh cBuTpt (VIII) moryT ObiTb conocTaBJIeHbl C HHKHEM YaCTbIO 
JbCKOro ropu30nta; cBuTH c II] no VII u wactuuno VIII sto cxempl, BuyuMo, 
OTBETCTBYIOT COOCTBEHHO CTaJIMHOFOPCKOMYy TOPH3OHTY HM, BO3MOKHO, aHaJo- 
M payaeBCKHX CJIOeB, a HHKHAA Nepexoguaa cBuTa (1) u, BepOATHO, NepBaa 
weconepxautad (II) aABIAIOTCAH OTJIOXKCHHAMH MaJIMHOBCKOFO H, BO3MOKHO, 
Hla PaKOBCKOrO BpeMeHH. 


VncturyT reonoruu u pa3pa6oTKH roplouHx HCKOMaeMbIxX Tlocrynuio 
Axkayemuu HaykK CCCP 11 XII 1959 


WHTHPOBAHHAA JIMTEPATYPA 


1TJ]. B. Bacuabes, Ilaneoreorpapuyeckue ycnosux copMHpoBaHHA yrvIeHOCHBIX 
NO2KCHHH HMKHerO KapOoHa Sanaquoro ckoHa Ypana, 1950. * H.C. Topogenukasa, 
om. MOM, org. reom., No 3 (1948), %H. UW. Topcekuni, UH. Jl. Tumogeesa, 
. Llentp. HayyHo-Hcca. reow.-pa3B. HHCT., B. 3 (1939). *H. Il. Maaaxosa, JAH, 
, Ne 6 (1951). *& B. M. Ilo3suHep, Bousro-Ypanpckaa Heprenocnaa o6macTb. KamMeHHo- 
ObHbIe oTMomKeHHA, M., 1957. &T. HU. Teogxoposuu, P. O. XauatTpad, 
H. Coxouaosa, JIAH, 123, Ne 5 (1958). *%7O. JI. 94 HO p, BackopcKoe KaMeHHo- 
IbHOe MecTOpoxKeHHe Kusenosckoro pationa Ha Ypane, M., 1936. 
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FEO/IOT® 


H. A. BOrAHOB | 
OBLIME 4YEPTbI CTPOEHUS NMAJIEO3SOHCKOrO NPOrHBA 


tOro-3ANAMHOM YACTH KOJIBIMCKOFO CPEMHMHHOrO MACCHB 
(ITpedcmaezeno axademuxom H. C. Mlamckum 21 I 1960) 


Hecmotpa Ha NoaBuBlMecA B MeyaTH 3a NocMeqHHe TOLbl MHOPOUMCJCHE 
cxeMbl KaK Me3030H, Cepepo-Bocroka CCCP sB mesiom, Tak uw KospimcKoro ¢C 
JMHHOrO MaCCHBa, B YaCTHOCTH, MHOrMe BONpOcbl TEKTOHHKU TOCJeMHELO | 
TAaIOTCA OCBEHICHHbIMM JlasleKO He WOcTaTouHO. Eme B 1933 r. A. J]. Apxanre 
cxum u H. C. IWlarcxum (+) 6piio BiepBble BbICKa3aHO MpeMOsOKeHHe O Cy) 
CTBOBaHUM J[peBHerO MaCCHBa B IeHTpe Me3030H_ CeBepo-Boctroka. Hemxol 
nmosquee C. B. OGpyues (°) Bbiqemus ero Nox HasBaHHem KoubIMcKOH MaT@ 
mpl. [locmenyroutumu padotamu B. H. Caxca, H. II. Xepacxospa u gp., a 
nocuequHe roybr — IO. M. Ilymaposcxoro (7), B. T. MatBeenxo u E. T. We 
nopa (*) 4 B. A. uw JI. A. Cuatkospix (°) 6piio ZoKa3aHO, uTO KonbimcKult wv 
CHB CleyeT TpakTOBaTb KaK Cpe MHHbIM MaCCMB B WeHTpe Me3030H CeBe 
pocTtoka A3Hu, Te NOpOosb Me38030HCKOrO BO3pacTa 3aJleraloT OTHOCHTe/ 
CHOKOHHO, B TO BpeMA Kak B OrHOatoulem MaccuB Mubamu-J[e6uHCKOM CHHK 
HOPUM OHM HHTCHCHBHO JMCJIOMMpOBaHBl. 

IleHTpasibHand YacTb CpeMHHOFO MaCCHBa, KaK MOXKHO Tpesnoarath, ¢ 
*%KeHa MOposamu MpoTeposoa u pudes. Ilo nalpaBmenuio K OKPaHHHbIM YaCc, 
qOKeMOpHuckue OOpas0BaHHA NepeKpbIBalOTCA MOLWLHOM Tose KapOoHary 
mopoy mameo30n. [locmeqHue WupoKOW MoMOCcOM MpoTArMBaloTcsA, B sa 

; 


B ioro-3alaqHOH wacTH MaCCHBa, MpocwexKuBadcb Oomee yem Ha 550 km. 
ClaraioT 3feCb KPpyMHble OKpaHHHble No_HATHA: UepcKoro u TacxaaxTaxc 
("). Ha cepepo-3amaye u 10ro-BOCTOKe MaJleO3OHCKNe OTOKeHUA Morpy Kato 
Moy, OOpa3s0BaHuA BepXOAHCKOFO KOMIIIeKca. PaccMOTpeHHe OCHOBHBIX Ocot 
HOCTeH TEKTOHHYCCKOrO CTPOEHHA OKPaHHHbIX NOLHATHH Obllo 2aTpyHeHO 
HeQOcTaTOUHOH TeoJlorMuecKOH W3y4eHHOCTHIO. CoOpanupie B NocmelHve — 
roa aBTopom, a Takxe Bb. B. Ilenensespim, M. M. Opanoscxoli u M. H. Uy) 
BOH HOBbI€ JaHHble 10 CTpaTurpapuu wu TeKTOHHKe TacxasaxTaxckoro oKpé 
HOTO NOJHATHA M NOLHATAA UepcKoro NOsBOMAIOT MPOUSBeCTH ana pact 
AeNeCHHA THMOB OTJOXKCHHM MK MOULHOCTeH HWKHETO HW CpeqHerO Naleo30d 31 
pavoHa M Ha OCHOBaHHH 3TOFO BHIACHHTb OCHOBHBIe YePTbI ErO TEKTOHMYECK 
pasBUTHA JIt yKa3aHHOrO BpeMeHH. 

YalOcb YCTaHOBUTh, YTO OTMORKEHUA MaleO30A BEINOMHAIOT KPYMHbI I 
ru cepepo-3alaqnoro mpocrupauna. UIupuna ero oxoso 180 km, a quuna I 
BbitiaeT 500 km. B meomM mporu6 uMeer pesko acHMMeTpu4Hoe crpoenne. 
BePO-BOCTOUHBIM ero OOPT, 3aXBaTHIBaIOWM Oombuyio yacTb xp. UepcK 
vMeeT WupHuy oKoNO 120 km. Llentpanbuaa vacTb mporn6a, wupuHol no 50 
MIpPOTAPMBaeTCA OT 3allayHbIX OTporoB OmyvieBCKUX rop yepes xp. Tac-Xaay 
qo Oacceiina p. Cennenax. lOro-sanaqupiit Oopt mporuGa ygaetca Ha6m10) 
TOMbKO Ha 3allaqHOM CKJIOHe Xp. Tac-XaaxTax, Tak KaK B Apyrux palionay 
Mepe€KPbIT M€3O30HCKMMM OOpasoBaHuamM Vubanu-[leOuHcKoro CuHKJIHHO} 

CambiMu JPpeBHUMH NasleO3OHCKUMM OTOXKeHUAMU 1OrO-3anaqHOu yacTH 
JIbBIMCKOrO CpeAHHHOFO MACCHBA ABJIAIOTCA U3BECTHAKH WU M3BECTKOBHCTHIE C. 
bl YCJIOBHO HM*KHEOPAOBHKCKOLO BOspacTta, OOULaA BUAUMAaA MOLLHOCTh KOTO 
nocturaer 1200 m. Onn oOnaxkatoTca B TopcTanTHKJMHaIAX B WeHTp aut 
gacTu lporn6a, B WouMHe p. Yuyreli-lOpax, Ha BocTouHOM cKsOHe Xp 
XaAXTax, OMHAKO 3eCb He yaeTCH YCTAHOBUTh UX COOTHOMeHMe Cc NOACTH. 
M\MMH OOpasoBaHuamu. Bocrounee, BIMOTb AO GOaccelina p. Kowbimnt, TOF 
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*KHETO OPMOBNKAa HEM3BECTHbI HV, BUMMO, OTCYTCTBYIOT, TaK KaK Ha CeBepo- 
CTOUHOM ero OOpTy Moposb cpesHero opqoBuKa TpancrpeccuBHo s3avleraior 
1 METAMOPGUYECKUX CilaHax NOKemOpux (°). OrmoxwKenuA cpequero oploBuKa 
yOoulee WIMpOKO pacpocrpaHeHbI B Mpesenax onucbiBaemoro nporu6a. Onn 
eACTABJICHbI MeMTOMOPHbIMM VM TJIMHMCTHIMM U3BeECTHAKAaMM VM H3BeECTKOBUC- 
IMM MePreJIAMH, B KOTOPbIX OblIM COOpaHbl TpHIOOUTH, Opaxuonogp u rpan- 
JMTbI JJIAaHBHPHCKOrO M JaHyewsoBcKoro apycos. Momjpocrh oTjoxKeHHi 
oro BOSpacTa B WeHTpaJIbHOH yacTu Nporn6a, B paspe3ax no pp. OmysesKe 
Yuyreti-lOpaxy, gocturaer 2500 m; B okpaMHHOl BocTOUHOM YacTu ero, B 
VOL O- JAI. YEHTPANILHAA YACTb 


LOPT 
Xp. Tae-XQaxmax 


CEBEPO- BOCTOYHEIM GOPT 


x0. 469C6K020 
- Omynedtxue 2opbl 


0, == 4000 
LESSOR 
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3 S 


8 
Seeraes 
RSSSRSOSND 
RSS 
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Puc, 1. Cxema pacnpeylenenua THN0B OTAO%KeHH HM MoMHOCTeli HM>KHero HM cpeqHero 
| Mameo30a toro-3sanaqHou uacra Kojimckoro cpeqMHHoro MaccuBa. / — qokeMOpHiicKHe 
MeTamMop@uueckHe MoOposbl, 2 — riMHUCTBIe CaHUbl, 3 — M3BeCTHAKH, 4 — Mepresn, 
_ 5 — Jonomuts, 6 — rpantTouHTopble caHUbl, 7 — KopaJIOBbIe H3BeCTHAKH, 8 — KOH- 
I romepaTsl, 9 — mecuaHHCTble H3BeECTHAKH 


acceHHe p. ScauHoH, no Janupi B. B. [leneisesa, ona yMenbulaetca Zo 1500— 
800 mM. M3BectHaku cpeqHero OpsoBuka B xp. Tac-Xaaxtax (p. Aptsrx-lOpsax) 
1B OmMyJleBcKUX ropax (p. OmyKa) corsjacHo NepekpbiBaloTcaA YepHbIMU rpaliTo- 
IMTOBLIMH CJlaHWaMM BepXOB JaHwehno — HuxKHero cuulypa (?). MowHoctTb 
xX oKONO 500 m. Hacepepo-BocrouHom Oopty mporn6a, B Oacceline p. AcauHoHn, 
PAMUTOJITOBLIE CJIaHIbI MOCTeMeHHO CMEHAIOTCA MeCYaHHCTLIMH H3BECTHAKAMH C 
IPOCMOAMM MeCuaHHKOB, aB OaccelHe p. KOJbIMbI BOBCEe BLIKJIMHMBAaIOTCA. OOpa- 
OBaHHA BepXHero CHJIypa CorsmacHO C MOCTeMeHHbIM MepeXxoJOM s3auieraloT Ha 
PaNTOMHTOBBIX CaHWaX HWKHETO CHJIypa M paCcMpocTpaHeHbl B wro-3alaqHou 
[ I€HTPabHOM yacTax MpornOa, Ha BOCTOKe Ke NocseqHeroO OHM OTCYTCTBYIT. 
JepXHU cuyp WpescTaBsen OebIMM MH CBeTJIO-CepbIMH MACCHBHBIMH JOJIOMH- 
aMM C IIpOCJOAMH HM JIHH3aMM MeCTPOMBeTHBIX MepresieH, BbILWe 10 paspesy cmMe- 
[AIOWLUXCA FIMHUCTbHIMM HM KOpaJJIOBbIMU H3BeECTHAKAMH. MouHocTb Nopoy Bepx- 
lero Cuulypa Ha toro-3alaqHoM OopTy Mporu6a, B WOuMHe p. COJOHbH, OKOJIO 
500 m. B weutpasbHon uacTu ero, B paspese No p. Kypanax-lOpsx, ona pesKo 
ospactaeT 70 2500—2800 m u famee Ha 10rO-BOCTOK NocTemeHHO yMeHbIlaeTca 
o 650—700 m (p. Kpacuppii, Omyesckue roppl). XapakTepHO, 4TO Cc yBeuN- 
HHeM MOULHOCTH BCero pa3spe3a Mopoy sxTorO BO3spacTa B HEM yMeHbillaeTca 
OJIb KOPaJIJIOBbIX H3BECTHAKOB. Tak, Ha BOCTOKe OmyJIeBCKUX TOp OHH COocTaB- 
[MIOT OUTH MOJIOBHHY pa3pe3a BepXHero CHJIypa, Ha BOCTOUHOM CKsOHe Tac- 
(aaxTaXa KOPaJVJIOBbIe H3BECTHAKU OOPa3YIOT JIMIIb OTACMbHbIC MpOCsON MOU- 
ioctp10 30—50 m, a B ero 3alagqnHow uacTu, B OacceHue p. Jlorgo, BHOBb JOcTH- 
aior 400—500 m. Jleponckue OTMOXKeHUA ObIIM OMMCAHbI B pesesax Bcero cpe- 
MHHOTO MaccuBa. Ofnako, eCM B erO BOCTOUHOM YaCTH OHM TpaHcrpeccuBHO, 
KOHIVIOMepaTaMH B OCHOBAaHUH, 3aJleraloT Ha WOposax MOKeMOpUA UM OPAOBUKa, 
O B yoro-3aNaqHol yactu KoupimcKoro maccusa, B xp. Tac-XasaxTax u Omyues- 
KUX FOpaXx, MOpoOsb WeBoHa coracHo, C MOCTeMeHHBIM NepexoOM MepeKpbl- 
aor oOpasopaHua Bepxuero cusypa. HanOonee MoviHbIM xopowio dayHucru- 
eCKH OXapaKTepH30BaHHbI paspes WeBoHa OOHAKaeTCA B WEHTPaJIbHOH YacTH 
poru6a, B AomMHax pp. Canara u Cepyapa, rye OH MpezcTaBsen TOJIOMUTaMU 
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H JOJIOMMTH3HPOBaHHbIMH H3BECTHAKAMM C NOAYHHEHHBIMH NpOCOAMH YepH | 
PIMHHCTEIX CulanueB, o6ulelt moujHocTHIO 1100—1400 m. CuegyeT OTMeTHTD, * 
QOJIOMUTEI CpenHero JeBOHa YepekyioTCA C MacTaMM (MOLLHOCTHIO 30—50 
U JIMH3aMM MecTPOUBeTHBIX Mepresei, rumcoB u anrugpuTos. Tlopoxs Reso 
CorsacHO MepeKpbIBaIOTCH YePHbIMH TVIMHMCTLIMH CJlaHWaMH WM U3BeCTHAKA! 
TypHelicKorO H BH3elicKOrO APyCOB HW2KHerO KapOOHa, MaKCHMaJIbHad MO 
HOCTbh KOTOPbIX B Xp. Tac-Xaaxtax (p. YKJIMH) ocTuraeT 550—600 mM. O} 
BeHUAIOT Paspe3 HMXKHeEFO MH CpesHerO Maeo30a woro-3allaqHOW YaCTH Cpenk 
Horo maccuBpa. Ha wux TpaHcrpeccHBHO M HeCOrlacHO 3aJleraloT U3BeCTHA 
nepmu (8), a TakxKe MOLI KOMMVIeKC MOpox Tpuaca, BepXHeli 1Opbl M HHIKHE 
Mesa. TakuM O6pa3om, Maseo30lcKue OTJIOKEeHHA BMpesemax ONMCAHHOFO BBI 
Mporu6a MpescTaBseHbI B OCHOBHOM Moposamu KapOonaTHOrO pAa. Sqecb NO 
MOJIHOCTbIO OTCYTCTBYIOT FpyOOOOOMOUHbIe OTJIOXKEHUA, 3a UCKJIIOUCHHEM IB 
HeOOJIbIIMX MO MOULHOCTH MayeK KOHTIOMepaTOB Ha CeBepO-BOCTOYHOM Oop 
B OCHOBaHHH CpeHero OPAOBUKa HM HM KHEFO JeBOHA. | 
B wesiom maseosockuli mporu6, Kak yKe FOBOPHJIOCh BpIIe, HMeeT Pes 
acuMMeTpu4uHoe crpoenne. JIA ceBepo-BocToyHOrO ero OopTa, HeMocpeycTBE 
HO IIpuMbiKaiollero K BbICTyNaM WoKeMOpua IIpuKoubIMckoro MOJHATHA, X 
pakTepHoO coKpallleHwve MOUHOCTeH cpeqHero opfosuka. B_ mpefen 
3TOH uyacTH Mporu6a MOUTH MOJHOCTbIO OTCYTCTBYIOT NOpOfbl CHJIYP 
O6ujat BHIMMas MOULHOCTb HWXKHe- HM CpemHeNameo30oHcKux OOpa30BaH 
3mecb yocturaer 2500—3000 m. LlenTpambuy10, HaHOoulee NpOrnyTyto, 4ac 
mporu6a, oTgemser OT ero ceBepo-BOcTOUHOrTO OopTa KpyTOH dJleKCypHE 
mepern6. FOro-3anaqHee mocseqHero MpOHCXOAHT pe3KOe yBeJIMYeHMe MOI 
HOCTeH OpflOBuKa, cuJypa Mu feBoHa. Jliad WeHTpalbHOH uacTH Mporul 
XapaKTepHO JWIHTeIbHOe YHACJIEMOBaHHOe Ppa3BHTHe OT HHKHErO OPOBHKa }; 
HWKHerO KapOOHa BKJIIOUHTEIbHO, BHJHMAA MOULHOCTb OTJIOXKeCHHH KOTOPE 
3eCb lipespiiwiaeT 11 km. Bo Bcel 9TOH TOMMe KapOoHaTHbIX Mopoy He yaen 
yYCTaHOBHTb MepepbIBOB B OCaKOHAKOMJICHHHM WM KaKUX-sIHOO CeqOB HeCOr 
cu, DawnaJbubl aHaiH3 OTMOXKeHUM OPAOBUKAa HM CHIypa MosBouAeT Mpeqn 
JaraTb, 4YTO 3feCb MpOHCXO_MIO HakoNweHHe Gosee ryOOKOBOAHBIX OCaKO 
M10 CPaBHeHHIO C CeBepO-BOCTOUHBIM SopTom mporv6a. lOro-3anayqHbii OopT & 
MOUTH WeJIMKOM COpBaH M10 30HE PIYOMHHbIX pa3JIOMOB, OFpaHHUMBaIoulNXx C 3 
naga KoubiMckul CpeqMHHbIM MaccHB. OJHAaKO MMeIOMIMeCA B HACTORIILee Bpen 
AaHHble yKa3bIBaloT Ha TO, 4YTO pa3spe3 Naleo30H B ero MipesemaxX HECKOJIbKO M 
HAeCTCA TO CpaBHeHH!O C WeHTpasIbHOH uacTbo. Tak, rpanTOHTOBbIe CaHE 
HMKHEFO CHJIypa Ha 3allaqHblIx OTporax xp. Tac-XaaxtTax dallMasbHO 3aM 
WaioTCA KOPAJIJIOBbIMH H3BECTHAKAMH, a JEBOHCKHe OOpa3s0BaHuA MpescTaBM 
HbI YCPHbIMH CPHJVIMTOBLIMM CJIaHILaMM C MpOCcMOAMM MeCuaHHKOB. 
SakaHyuMBad OMMCaHMe Mameo30licKoro mporu6a 1oro-sanaqHow uactru K 
JIbIMCKOrO CpeHHHOFO MaCCuBa, CJIeMyeT OTMeETHTb, YTO OH OYeHb CXOJEH 1 
CBOeMY CTPOeCHHHO C J pyruM, Oovlee 3anaHbIM, OHOBO3PacTHbIM Mporu6om Cert 
Jla6ana (°). Paspes Cerra-Jla6ana oT opqoBukKa M JO HMKHErO KapOona MOK 
ObITb COMOCTABJIEH C paspe3OM CeBepoO-BOCTOYHOFO SopTa OnucHIBaemoro MporHué 
BO3MOXHO, YTO B Mpememax xp. Cetta-Jla6an O6naKaeTCa JIMIb OHO 3aNalH 
KPbIIO KpyNHoro Maseosovickoro MpornOa, OO6pamsaBillero c BocTtoKa Cu6n 
CKyl!0 MlaTPOpMy M MepeKpbITOrO B 3HaYNMTeIbHOH Mepe NOposamMu BepXOAHCK 
ro KOMIVIeKca. 
Teonoruueckui MHCTHTYT Tlocrynuao 
Axkaylemuu Hayk CCCP 18 I 1960 
IMTMPOBAHHASA JIATEPATYPA 
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Joxnage Akagqemun nayx CCCP 
1960. Tom 132, Ni 3 


PEOJIOVH A 


H. HW. FPHXHEB 


CXEMA PAHOHHPOBAHHSA AJLWJIFOBMAJIbHO-NPOJIOBHAJIbBHbIX 
OTJIO)KEHHM WEHTPAJIbBHOM VW IOKHOM 4ACTEM 
CPEXHEM A3HH TO HX MHHEPAJIbHO-NETPOTPA®UYECKMM 
ACCOWMALN AM 


(ITpedcmaezeno axademuxom H. M. Cmpaxoesim 8 XII 1959) 


| Lentpasbyasa uw 1oxwKHan uacth Cpequei A3uu 3aHHMaloT OOuIMpHy1O ms0- 
ab BepxHero TeyeHua Amy-Jlappu u Cpip-Jlappu, OnaroqapaA uemy 37ecb 
HaKOMJIeHbl OOJIbUIME MaCCbI aJIIIOBMaJIbHO-MpPOJIOBHaJIbHbIX OTJOKeHHH. Be- 
MECTBEHHBIM COCTaB HX 4pesBblYaHHO pasHOCOpa3sHbI WH HENMOCTOAHHDIM B pa3- 
HbIX YUaCTKaX pacipocTpaHeHuA, OTPakKaA B WeJOM COCTaB TOpHLIX MOpoy 
3anafnoro Taub-Ilana u Tlamupo-Anas. 

— ObobuleHve pesysbTaTOB H3yYeHHA OKONO ABYX THICAY MpoO mecKoB H avleB- 
putos (Bo dpakunu 0,10—0,01 mm) u Takoro Ke koulMuecTBa Mpo6 rabKH 
(B o6ioMKax 1—3 cM) NOS8BOJMJO BHIACIHTh Ha STOH MOMaqH CeMHasLaTb 
CAMOCTOATEJIbHBIX MPOBHHIUMH, XapakTepH3YIOULMXCA ONpeeeHHbIMH accolHa- 
UHAMH MHHepaloB TsxKeNOH dpakuuH (TeppHreHHO-MHHepasoruyeckuHe Mpo- 
BUHIMM) WM MeTporpaduyeckux pa3sHOBHAHOCTeH rabKu (NcepuTo-nerporpadu- 
yecKHe MpOBHHIMH) WH yBA3aTb HX C COOTBETCTBYIONWHMH MUTaIOULMMH MpoOBHH- 
wuamu (prc. 1). 

I. qapBpBa3sckacx NPOBHHUHA HaXxOAHTCA B BOCTOUHOH UYaCcTH 
TaKuKCKOH Bnav * uw BKsJONaeT pp. SAxcy, Koispuicy (mputox IlanyxKa) 
M HuwoKHee TeyeHHe [IaHaxKa. XapakTepH3yeTCA TeMaTHT-3THAOT-MarHerHtT- 
aMpuGOuI-xXJIOPHTOBOH accollMallueH; KpoMe TOro, pacmpocTpaHeHbl LWHpPKOH, 
TYPMAJIMH, PpaHaT, PYTHJI, B OTJCbHBIX MpOOax OTMeYAIOTCA CTABPOJIHT, alla- 
THT, OapHT, AucTeH. CocTaB rayIbKH: KBapuuThI (48%), KpucTasM4eCKHe CJlaH- 
ub (21%), H3BeCTHAKH MpaMOpH30BaHHble HM Mpamoppl (18%), rpaHHTbI WM rpa- 
HomMopute (7%), MOpuphl, NOpPupuTH!, PoroBuKu, HVIVINTHI. 

Il. amupo-Aagatickaax NpoOBHHWUNA pacnonoKeHa B Oac- 
celine p. Baxm. Bepxuaa uactb ero (p. Kni3piicy Anatickaa) Apenupyer maseo- 
s0lickue HM Me30-KaHHO3olickHe OTMIOKeHNA xpeOToB AsmalicKoro, SaasalicKoro 
u Ilerpa Ilepporo. MuuepasbHad accoluMalua 9MMOT-reMaTHuT-IlMpKOHOBAaA; 
clojla BXOAAT TaKXKe MAFHETHT, XJIOPHT, OHMOTHT, rpaHaT, PyTHJ, amaTuT. CocTaB 
TaibKH: H3BECTHAKH MpaMOpH30BaHHble H Mpamoppnt (40%), CepHILMTO- xsOpH- 
TOBbIe canupl (14%), KBapuuT (12%), mecuanuKu (10%), nopdupp u nopdu- 
purn (8%), dusnnuTEI (4%), 2XHIbHbIe NOPOAb, AHOPHThI, PpaHUTHI, rpaHosHo- 
puri. B ywxKHel uacTH GacceliHa, B npeqenax Taq»KMKCKOM Baul, NOABJAeT- 
CA MHOFO rpavaTa, YBeMUMBaeTCA COLepKaHue TabKH MeCYaHHKOB (BbIHOCbE 
¢ xpe6ros Ilerpa Ilepsoro u JlappascKoro), rpaHHTOB M rpaHOAMOpHToB (BbIHO- 
cbl c xpeOra KapaternucKoro). 

Ill. Puccapo-Kapateruuckaa MpoBuHiua BKJOUaeT Oac- 
celin p. Kadupuuran. Pacnpoctpanena amdvOos-rematTHt- XJIOpHT-MarHerHt- 
SMMAOTOBAA aCCOMMalluA; COMepXKUT TakxKe OMOTHT, WHPKOH, anaTHT, PyTHI, 
TYPMaJIHH; MecTaMH BCTPeyaloTcA CTaBPOJIMT, Cen, MUCTeH, aHaTa3. CocTaB raJib- 


* OnucpiBaeTca ceBepHad YacTb TaWoKHKCKOHM BMaMHbl, HaXOsAlaAcA B Mpeweax CceP: 
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0 
KU: NOpupyl u serbsuToBple nopdupl (24%), PpaHuTbl M rpaHoAHopHTbI (15% 
KBapunTh! (14%), dust! (14%), H3BECTHAKH MpaMOPHSOBaHHDIC (9%), 2KMU: 
ube Mopozp (8%), Tydbbl H TyPoOpekyHH, KBapPl-CHeHUTHI, KPHCTAJWIMYCCK! 
i 

CJlaHUbl, POrOBHKH, KPpeMHH. ; 
IVa micicrasp cKas ml pOBMHILM A OXBaTHIBaeT OacceHH Pp. Cypxa 


Jlappa, xapaKktTepusyetca smMoT-ampuOos-remaTuTOBOH accolMallen, Kee 


Puc. 1. Cxema palioHupoBaHHUA aJIJIOBMaJIbHO-MPOsOBMAJIbHBIX OTOH WEHTPabHOH Mi 102 
Holi uacteli Cpegueli Asuu. Teppurenno-muHepasioruyueckue (mceduto-netporpaduyeckne) mp 
BuHuHH: J — Jlappascxas, //— Tlamupo-Anaticxaa, //]— Tuccapo-Kapateruucxaa, IJV - 
Tuccapexas, V — mpopunuua BocrouHol uacru oTporos Tuccapcxoro xpe6ra, V/ — npoBu 
UMA 3alaqHol actu oTporoB Tuccapcxoro xpe6ra, V// — 3epapmano-[uccapcxaa, V//I- 
TypxecTaHo-3epapmianckan, /X — Kapxxaytaycxan, X — Kapxantay-Uatxanpcxan, XJ - 
Yarxano-Kypamuncxan, XJ — Kypamuncxaa, XJ/J] — Uatxanpcxan, X/IV— Bayoam 
Ttunckad, XV — @eprancxan, XV/ — Anaiicxan, XV/J/ — Typkectanckas. OOnactTu pasp 
WeHHA TOPHbIX Mopoy: J — naseosoHckux MarMaTHuecKHx, 2 — Maseo30HCKHX OCaJOUHO-MeT 
Mopdbwyeckux, 3 — Me30-KaliHO3OliCKHX HeMeTaMOp(H3OBaHHbIX; 4— UYeTBEPTHYHbI NOKpo 
5 — souloBble (pycJioBble NepeBesHHble) Neck; 6 — rpaHHbl TeppHreHHO-MMHepaJOrNyeckk 
(ticebuto-neTporpavyueckux) HU MUTAaIONHX NpoBMHIUNit 


TOPO, OHA COM€PXKUT MAPHETHT, XJIOPUT, WHPKOH, OHMOTHT, rpaHaT, anaTutT, 6. 
PHT, TYPMAJIMH, PYTHJI; B OTCJIbHbIX MpoOaxX MMeIOTCA CTaBpPOHT, MuCTE! 
MYCKOBHT. CocTaB raJIbKH: H3BeECTHAKH MPaMOPH30BaHHble HU Mpamops! (31% 
rpaHuTH UM rpanosuopuTy (14%), cbesL3suTOBbIe u iON aIbHbIe NOpdupy 
nop@uputy (14%), KBapunTE (12%), duanuTe (11%), wKHMIbHEIE MOposE (9% 
KBaplleBble NOP@UPhI, KPHCTaJIIMYeCKHE CaHIbl, POTOBUKH. 

V. IIipoBu¥YHUuUA BOCTOUHOH wacTtu oTporoBluccay] 
ckoro xpe6Ora sBatouaer Oaccelin p. Wupadan-apps, apexupyrome 
IOPCKHe, HEOreHOBble H YaCTbIO Nasleos0vckue oTMOKeHUA. MuHepasibHan acc 
Wala TeMaTHT-3THAOT-XJIOPHT-amMuOoJ-WNpKOHOBaA, BMeCTe Cc TeM 3/eC 
OObINHbI OMOTHT, PpaHaT, TYPMAJIHH, PyTHA, anaTuT, craBpomur. CocraB rail 
KH: M3BecTHAKM (77%), 2KUJbUbIE Nopogb (7%), KBapuNTH (6%), rpaHUTEl 
rpanHoquopuTp (5%), KpucTamiMuecKue cian (4%), denbsHTOBEIe nopd! 
pbl WU Op. 

VI. Tpopunnusa 3anagquok wactu orporos luccay 
CKOrO xXpeOTa oxsBatpBaer pp. lysap-J[appto u IHlopcy, rexymux B palit 
He Pa3BHTHA MeJIOBbIX, MaJIeCOreHOBbIX, HEOTCHOBbIX H YaCTHYHO IOPCKUX OF 
oxkenun. XapaktTepusyerca sIHOT-MarHeTuT-remMaTUuT-aMuOOJI-LMpKOHOBO 
accolHallveH, COep2KUT TakxKe ONOTHT, rpaHaT, TypMauH, anaTuT. B cocTak 
raibkKH 100% wu3BecTHAKOB. 
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VII. Sepapmano-Tuccapckaa mpoBuHnua _ pacnono- 
eHa B Oacceline p. Kamka-Jlappa, B BepxOBbAX peKa Apenupyer naeosolicKkue 
arMaTHyecKHe HW OCafO4HO-MeTamMopduyeckve NMOPOMbl 3sanaqHoro OKOHYAHHA 
uccapckoro HW SepaBliaHcKoro xpe6ros. MunepaibHaad accounalua gnupor- 
M@HOOJI-MarHeTHT-IIMPKOH-C(peHOBaA; MOCTOAHHbI TeMaTHT, OMoTHT, rpaHat, 
rypMaJIMH, pyTH. CocTaB ralbKM: H3BeCTHAKH MpaMopH3oBaHHbIe (70%), 
oroBuku (10%), nopdupsi u nop@uputy (9%), KBapruTH! (8%), rpaHurnl, rpa- 
ofvoputhl, Type. Y vr. Kapuim npoBunlua oObequHaetTca c mpespiyuiel. 

VU. Typkectano-3epapmaucCKadcx MPOBHHILUA OxBa- 
pipaeT Oaccelinbl pp. SepaBuiaHa u CaH3apa. B BepxHem TeYyeHHN OHH JpeHn- 
yl0T B OCHOBHOM CHJIypHHicKne OTJIOXKeHHA, B HHKHEM — [[peBHeYeTBEPTHUHBIE. 
WHepabHaAt accolwaluaA ambuOoJl-9NHAOT-reMaTuT-Ty pMaJIMH-OMOTHTOBAA; 
paclipocTpaHeHbI WHPKOH; rpaHaT, anaTuT, Oapur. CocTaB raJibKu: KBapllH- 
pl (55%), 2WJIbHbIE MOpogb (11%), usBecTHAKH MpaMOpH30BaHHbIe H MpaMo- 
pp (9%), poropuku (7%), KpucTammnyueckuve cnanub (7%); B HU380BbAx 3e- 
aBllaHa 3a CUeT MEJIOBbIX OTJIOXKEHHH Pe3KO YBEMMUMBAeTCA KOMMYECTBO MarHe- 
WTa HW WHPKOHA, B COCTaBe aJIbKH JOOaBAIOTCA KPeMHH. 

IX. KapwkaunTayckKaaA UpoOBHHUUA  BKAOUaeT GaccelH 
p. Kesec; xapakTepu3yetcad MarHeTHT-3NHAOT-reMaTHT-alaTHuT-lupKOHOBON 
accollMallvel, COMepHKUT Take POroBylO OOMaHKy, IpaHvaT, TYPMaJIHH, PyTHI, 
cen, OaputT, OnoTuT. CocTaB raibKu: eb3HTOBbIe MopdupbHl u nopdupuryl 
(82%), H3BeECTHAKH MpaMopH3s0BaHHble (9%), Tydpt (4%), POrOBUKH, 2HJIbHBIe 
ilOPO]HI. 

X. Kapmwkautay-UatTKkKambcKawA MPOBHHWUHA OXBATHI- 
BaeT Gaccelin p. Unpunx. Munepasmbuaa accolMalua remaTuT-ampu6ou-snuloT- 
MarHeTHT-OHOTHTOBaA; PaCMpOcTpaHeHbI XJIOPHTHI, WMPKOH, TpaHaT, amarut, 
OapuT, ccbeH, cTaBpouHT. CocTaB raJlbKH: PeJIb3HTOBLIe NOPPUph! MH NOpPupHryl 
(45%), H3BeCTHAKH MpaMopH30BaHHbe (24%), KpucTasmMyecKHe Can (9%), 
KBapuuTb! (6%), CePpHILMTO-XJIOPHTOBHIe CMaHbl (5%), TpaHHTbl H rpaHoHo- 
puter (3%), %*XWJIbHBIe MH KOHTAKTOBBIe MOPOsbl. 

Xl. UWatkano-KypaMuHcKaaA NPOBHHYUA pacnowloxe- 
Ha B Oacceline p. Anrpen. MuvepasibHaad accolMalua 9MMAOT-reMaTHT-amuoo.- 
OuoTHT-lupkoHoOBad. I|upKoH pacnpocTpaHeH NOBCeMeCTHO HM B OOJIbILHX CO- 
flep2KaHuaAx, YEM B CM@XKHBIX MPOBHHIWHAX, BbIHeCeH M3 KHCJIbIX MarTMaTHUECKHX 
nopox UarkasipcKoro xpeOta. Mmerotca Takxe rpaHaT, TYPMaJIMH, amaTuT U 
OapuT, MepeoTJORKeHHbIe H3 M€30-KaHHO3OHCKUX NOpoy. CoctaB raJIbKU: OecKBap- 
WeBbie nopduppl vu desb3suToBple mopduppr (58%), KBapweBble nopduppt (26%), 
PpaHuTbl HM rpaHosnNopuTH (3%), KBapwuTH! (3%), KpHCTasMYeCKHe CaHIbl 
(3%), C@pHIHTO-XJIOPHTOBHIe CAHUb, (PHJIMTbI, POrOBHKH, AHOPUTHI, TpaHuro- 
THeEHCbI, KHJIbHbIe MOPOLBHI. 

XII. KypamMuucokaa MPOBHHIUUA PacnowaraercA B pesemax 
CHMBIUMXCA Mey coOoM CyXHX KOHYCOB BBIHOCa, CMYCKalOWHXCA C XpeOTOB 
Kypamuuckxoro wu Moron-Tay. Munepaibyad accolMallua reMaTHT-3MOT- 
MarHeTHT-GHOTHTOBaA; OObIUHbI WHPKOH HM TpaHaT, HeMOBCeMECTHbI TYPMaJIHH, 
cTappomuT, cde. Jima MpOBHHUMH MpHMeyaTesbHO HaMBpIcee B OaccelHe 
Cpip-Jlappu cosepxaHue TarKeON Ppakunu (16%), OOycMOBJIeCHHOe B OCHOBHOM 
PYAHbIMM MMHepasamu (remaTuT). Ha MuHepaJbHbIM COCTaB NpOJIOBUA 3HadH- 
TEbHOe BJIMAHHE OKA3bIBaIOT TPeTHUHHIe OTO*KeHUA TOPHEIX rps Axk-bea, 
Ax-Uon u Cyne-Tay. CoctaB raJibku: 6eckBapleBble nopdupyl u PebsuToBpie 
nopdupp (57%), KBapleBnie nopduppt (21%), KBapleBble AMopuTnl (5%), MHO- 
puTpi (4%), KBapuuTb! (4%), KPeMHHCTHIC CAH, PPaHOAMOPUTHI, POTOBNKH, 
U3BECTHAKH, TPaHHTbl, %KWIbHbIe MOPOLI. 

XII]. WatkKanmpckanx MpOBHHUAA BKIOUaeT pekH Cymcap, 
Kaccancait, Hamayraucal. MunepaibHaa accoluallua reMaTHT-STIMOT-MarHe- 
THT-OHOTUTOBaA; PacMpocTpaHeHbl TakxKe alaTHT, XJIOPUT, WHPKOH, poroBax 
}OMaHKa, CnopayMuHbI MYCKOBMT, TYPMaJIMH, rpaHaT, cTaBpouuT. B cocrape 
lerkoH dpakwuu 56% KasbunTa — KOMMYECTBO, HaMOOMbUUIee B aJIJIOBHaJIbHO- 
IPOJIOBMAJIbHBIX OCaJ[KaX CbIp-ZapbuHcKoro Gaccelua. CocTaB raJibKH: M3Be- 
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CTHAKH MpaMopH30BaHHEIe H Mpamopsl (63%), KBapuuTEI (19%), cepumuro 
XJOPHTOBLIe cane! (6%), KpucTaIMuecKHe caHUb! (3%), POrOBHKH (3%) 
rpaHUT, panuT-noppuppHl, KBapleBEle NOpupHl, Moppupursl. 

XIV. BayO6amaTuHcKkKacA MPOBHHUUA OXBAaTbIBACT HH30Bb 
p. Happ u pp. Maitaucy u Watigqancat. AccomMalua MuHepasoB 3nH101 
reMaTHT-aMpHOouI-OapHToBan; MpHCyTCTBy!IOT Takxke MarHeTHT, TYyPMaJIME 
HEMOBCeMECTHO pacCmpocTpaHeHbl PYTHJ, rpaHaT, OMOTHT, CTaBPOJIMT, aNaTHi 
CocraB raJibKH: W3BeCTHAKH MPpaMOpH30BaHHble H Mpamopsl (40%), KBapty 
tpt (19%), poropuku (9%), KpucTaMuecKHe Can (8%), CepHILMTO-xs0pr 
TOBbIe€ ClaHUbl (3%), %XUIbHBIC NOPOAb, PHIVIUTHI, WHOPUTHI, TpaHOAMOPHTh 

XV. DepraucKasd NPOBHHUHA A BKMOUaer pp. Tap, KapakyJE 
mxa, Uanrer, Kyrapt. MunepasbHaa accolvallua reMaTHT-3nMOT- xXsOpuT-Oapk 
TOBad; PaCMpocTpaHeHbI WHPKOH, poroBad OOMaHKa, TYPMaJIMH, OMOTHT, Pj 
THI, anaTuT. XapakTepHO HavMeHbilee, MO CpaBHeHHIO C JApyrHMM MpOBHE 
unamMu epraHpl, cosepxKaHue Taxenol dpaxuuu (0,96%), oOycoBmeHHO 
OOCHEHHOCTHIO C10 IOPCKHX H, MO-BHHMOMY, MeCJIOBbIX M MaJIeOreHOBbIX MOPO] 
claraiouux Depranckul xpeGeT Hu ero npesroppsa. CocTaB raJibKH: KBaptHT! 
(42%), Kpuctasimueckne culaHup (16%), usBecTHaKu (15%), poropuKu (13% 
dbunsutTe (5%), MOpdupHTH, 2XHJIbHBIE MOpop. 

XVI. Ad auiickaa NpOBHHUUA NOspassenaeTcA Ha Ba yuacTkKé 
a) 3anafupdl, oxpatTppBaiomnui pp. Waxumapyan, Wedhalipam, Aoume 
XapakTepu3yeTca amHGoJ-3nuOT-reMaTHT-OMOTHT-MarHeTHTOBOH  acCollH2 
WMeH; BKOUaeT TaKKe CTABPOJIMT, XJIOPHT, TpaHaT, WHPKOH, TYPMaJIHH, allé 
THT, OapuT; MpwMeyaTembHO O¥eHb BbIcCoKoe (40% kK Becy serkOH pakuWHr 
cojlepxKaHHe KaJIbUHTa; CpeW TaJibKM PacnpocTpaHeHbl H3BECTHAKH MpaMoOpr 
30BaHHbIe (32%), KBapuuTH (20%), dunnuTp (15%), KBapueBble MHOpHTi 
(8%), poroBuku (5%), KpucTasamuyeckne claHUpl (5%), *XHJIbHBIe NOposnl (4%) 
6) BOCTOUH BH, BKMOUaONMH pp. AkOypy, Tamqpik, Kypuia6. Ha 6our 
wmeH uacTH MWlOWald yuacTKa Pa3BUTbI HEOTeHOBbIe H MeJIOBbIeC OTJIOKeHHES 
COCTaB KOTOPbIX B OCHOBHOM H onpesleneT erO MHHepaJIbHYy!O JMMOT-remMaTuHl 
aM@uOOJI-MarHeTHT-XJIOPHT-rpaHaTOBy!IO aCCOlMallHio; WMpOKO pacmpocTpé 
HeHbI OMOTHT, WHPKOH, TYPMAaJIMH, amaTHT, GOapuT. CocTaB rawbKH: KBapILHT) 
(48%), u3BecTHAKH MpaMopu3oBaHHble (21%), poropuKku (10%), dumauTer (7%) 
Typ (3%), CepHILHTO-XJIOPHTOBHIe CIaHIbl, KBapUeBLIe FMOPUTH, NOPPUupUuTS 

I. TypkectTaHckKaa MPpOBHHIUAUA TakxKe MOspasqensetc 

Ha [Ba yyacTKa: a) 3am aH bIM, OXBaTHIBAIONM pp. XosoxKa-Bakpiprav 
Axcy, 3a mpezenamu @epraupt BKouaer [laxpuctancalt u 3aamuucy (1xKHa 
okpauHa TomoqHok crenu); 6OMbuUIyIO 4YaCTh MOWlaqu yuacTKa Cilaraior HeC 
TeHOBbIe OTJIOXKCHHA, ABJIAIOU[HECA OCHOBHBIMH MCTOUHHKAMH MHTaHHA aJWIK 
BHA; MMHepabHaA accolMallua TreMaTuT-ampuOow-OuoTHT-OaputT-Ty pMasHHC 
Baad, NOCTOAHHbI SMMOT, XJIOPHT, PpahaT, WMPKOH, CTaBPOMUT, aMaTUT, KOJJC 
cbaHuT. XapakTepHo HaMBbIcee cosepxKanue (67%) B Meprane ranbKU UBBE 
CTHAKOB; KpOMe TOFO, pacmpocTpaHeHb! KBapuuTH! (21%), cbunAUTH! wu ut 
TOBHAHbIe ClaHIbl (4%), 2KHIbHbIe MOposH; 6) BOCTOUHBA yuacTor 
BKOUaIOMMA pp. Cox, Llopcy, Mcdhapy, xapaxrepusyerca 6uorut-amdu6oy 
T€MaTHT-SNMOT-rpaHaTOBOH accoOlMallueH, COepxXKUT TaKKe MYCKOBHT, TY] 
MaJIHH, CbeH, PYTHJ, CTaBPOJIHT, OapuT, KONMOpaHuT; COCTaB raJIbKW: KBapIUl 
Th (42%), M3BeCTHAKH MpaMopH3oBaHHble (16%), cunanter (10%), Hop) 
Tb (7%), KBapleBble LHOpuTE! (7%), KpUcTaIMuecKHe caHup (5%), ders! 
TOBbI€ NOPPUPbI, KHJIbHbIC MOPOI. 

CpeqHAad MW HWKHAA YacTH OacceitHoB Amy-Jlappu u Curp-Jlappn Bpiensarore 
B CaMOCTOATEJIbHbIeE CMEINAaHHbIe TeppHreHHO-MHHepaoruyeckHe MpOBMHIy 
(TaIbKa 3fecb OTCYTCTBYeT), OHH XaPaKTepusyloTCA SIUOT-aMUGosIcMOLUCTC 
accollMalveH HM MOBCeMECTHBIM pacnpoctpaHeHveM TypMasIMHa, TrpaHaT 
IMMpKOHAa H pyTHula. 


VMucTutTyT reosoruu Tlocrynuao 
Axayzemuu Hayk Y3CCP 5 XII 1959 
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WToxnzagn Axagemun nayk CCCP 
1360. Tom 132, Ne 3 


TPEOJIOPH A 
‘ ll. H. JOPOPEEB 


OB OJIMTOLLEHOBOH ®JIOPE AYHAEBCKOrO APA 
HA P. TbIM B 3ANMAJHOM CHBUPK 


(ITpedcmaeneno axademuxom B. H. Cyxaueesim 26 I 1960) 


_ Ypouuure Kommacckul Oop HaxoquTCA B CpeqHem Teyenuu p. TbIM, Ipumep- 
wo B 470 KM OT BilayqeHuaA STOM peku B OOb. B 9TOM ypounule NpaBplli Geper 
o. TpimM oOpa3yer 4Ba OOJbUIMX OOHAKeHUA, U3 KOTOPbIX HHKHEe NO TeYeHHIO 
Haspipaetca Jlynaesckxuh ap. Ilo M. I’. Pop6ynosy, oOnaxenne JlyHaescKuh ap 
MpeqctaBset co6o1w Teppacy 9—15 M BEICOTOH, WOKOJIb KOTOPOH cmOx*KeH Tpe- 
THUBBIMH OTOXKeHHAMM. CHU3Y BBePX 3eCb BCKPbIBaIOTCA CelyioulMe TopH- 
30HTHI: 

1. THHucTble KOHTIOMepaTbl, H€3HAYMTEbHO BO3BHIMAIOMMeCA Hal ype- 
30M BOJbI WH yXOLAlHe MoX ypes. 

2. TpeTHunHble mecKH C MaCCOM PaCTHTeJIbHbIX OCTATKOB B BHC TPyXih...... 
ee ar... ot wig eee. << eee, @ MOMLHOCT De (bad ing: 

3. TperuuHble MecKH, MbluiepaTble, C He3HAYHTEJIbHbIM KOJIMYeECTBOM pacTH- 
T@JIbHBIX OCTATKOB H JIMH3aMH TVJIMHHCTbIX OKAaTHIUeH . . . .-. . 1... 

ie. eH) ee athe SU a ss ws & a ee OMHOCTEa 158M 

4, UerpepTuuHble MecKH C raJibKOM, JIOKATCA Ha KPOBJIIO Pa3MBITEIX TpeTHU- 
eX MIOTNGHCHUM,.\., s+.) See ee a fe . Moutyoctp 4—15 m 

V3 ropusonta 2 B 1952 r. M. I. TopOyxnos B3an wBa OobuIMx OOpasua Hu 
NOcTaBusl UX AaBTOPy HaCTOAMeH CTaTbu AIA uccieqoBaHuA. Obpasen Ne 3, 
BecoM OKOJIO 40 KI, ObIJI B3AT H3 JIMH3bI PACTHTEJIbHOM TPyXH, JexKalleH B OCHO- 
BaHuM ropw30uTa, Ha uKeTe 375. OOpaser Ne 4, oKouIo 32 Kr BeCcOM — U3 IJIH- 
Tbl PaCTHTEMbHOM TPyXH, sexKawleH Ha Bpicore 0,5 M OT ype3a BOB, Ha NuKeTe 
1050. 

Tlocne o6pa6oTku u3 MOposbl Obi BbIAeeHbI WIMIIKH, XBOM, BeTOUKH, 
CeMeHa, MJIOJbI M Meracnopbl, MO KOTOPHIM ObIIM ONpeeseHb! CleqyroulHe pacte- 
Hua (Tada. 1). 

TlomyyenHad uopa BOCMPOM3BOAUT JIECHY!O PaCTHTeJIbHOCTh, MpelcTaBsex- 
HY1O J[peBeCHBIMM NOposaMu, KYCTapHuKaMA, JMaHaMM MW TpaBAHUCTbIMM pacTe- 
HMAMM, AHaJIOrH KOTOPHIX COXPaHHJIHCb B HaCTOAUee BPeMA B_ TellOyMepeH- 
HBIX, CYOTPOMMYECKUX MH YaCTHYHO ake B TpOMMYeCKHX OOACTAX 1OrO-BOCTOU- 
HOH u Mepequeli Asuu, Adpuku u CesepHol Amepuku. STO — THMMUHaA apKTO-" 
TpeTuyHasd qblopa, CBOHCTBeHHad OOWIMpHbIM MpocTpancTBam CuOupu, yocrur- 
Wad 3ecb HaMOosee MbIWHOTO pasBUTHA B OJIMTOMeHe. 

Henp3a cormacutpea c M. T. Pop6ynospm u C. B. Wlauxum (*~%), xoroppie 
OTHOCAT THIMCKy10 (pulopy K MHOLeHY, TaK Kak OHA M10 OoraTcTBy He ycTyMaeT 
aHaIOPM4HbIM slarepHOcamcKOH, pexkencKon (*) u GenospcKol (°) duopam, Ko- 
TOpble SOMbUIMHCTBOM UCCeqoBaTeel TpeTHYHEIX OTMOKeHHH Samaquoi Cuou- 
Pu OTHOCATCA K OMroweHy. OcTaBsaa JarepHocagcKy!o HU pexexcKy!0 dsopsl 
B OJMTOWeHe, HY2KHO B OMPOWeH %Ke MoMelaTh HM paccMaTpuBaemyio dsopy Cc 
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Ta6Omuna 1 


| O6p. Oop | 
Ne 3 No 4 
Aldrovanda intermedia R. et 
Azolla ventricosa Nikitin ; 
Picea sp. + |lCleome rugosa (E. M. Reid) 
Pinus sp. Dorof. ; 
Sequoia langsdorfii (Br.) Heer | -+- + ||Polanisia sibirica Nikit. 
Taxodium dubium (Sternb.) Heer Liquidambar europaea A. Br. 
Glyptostrobus europaeus (Br.) Stephanandra minima Dorof. 
Heer = + |{Rubus sp. 
Typha sp. = Prunus sp. 
Sparganium multiloculare R. et Cotoneaster sp. 
h. = + |l[Ailanthus tertiaria Dorof. 
S. asiaticum Dorof. =i + |!Phyllanthus compassica Do- 
Sparganium sp. aig rof. 
Potamogeton erosus Nikit. + ||Ph. triquetra (Nikit.) Dorof. 
P. cf. corticosus Nikit. ES  ||Spondiaecarpum turbinatum 
Potamogeton sp. ag Menzel 
Sagisma turgida Nikit. + |!Staphylea rugosa Dorof. 
Caldesia proventitia Nikit. sr + |lAcer sp. 
Scirpus tertiarius Dorof. + ||Meliosma europaea C. et 
Carex sp. sli =i Ee MeeReid 
Dulichium marginatum (Reid) Paliurus sibirica Dorof. 
Dorof. Fi Vitis tomskiana Dorof. 
Cladium reidiorum Nikit. T  |\Parthenocissus elongata 
Epipremnum cristatum Nikit. 7 Dorof. 
E. ornatum R. et Ch. -- |lAmpelopsis rotundatoides 
E. crassum C. et E. M. Reid ae Dorof. 
Aracispermum canaliculatum Tilia Sp. 
Nikit. ate Actinidia faveolata C. et 
A. jugatum Nikit. ar ar MVE eid 
Pistia sibirica Dorof. a A. argutaeformis Dorof. 
Spirematospermum wetzleri (Hr.) Actinidia sp. 
Chand1. + | + |lViola rimosa Nikit. 
Leitneria venosa (Ludwig) Dorof.}|| + + |/Viola sp. 
Pterocarya crassa Dorof. ae a Diclidocarya sibirica Nikitin 
Juglans sp. aie Decodon gibbosus E. M. Reid 
Carpinicarpus longistylus Ni- D. sibiricus Dorof. 
kit. oe oe Nyssa disseminata (Ludw.) 
Carpinus sibirica Dorof. a a Kirchh. 
Alnus kireevskiana Dorof. ie + |IlTrapa sp. 
A. decipiens (Nikit.) Dorof. - |lHippuris parvicarpa Nicit. 
Alnus sp. a ot Proserpinaca pterocarpa 
Betula sp. Dorof. 
Corylus sp. Tis “iP. reticnlatai@ Sere 
Quercus sibirica Dorof. sie ae Reid 
Fagus sp. + |lAralia longisperma Dorof. 
Aphananthe tenuicostata Dorof. —- HA. tertiaria Dorof. 
Morus sibirica Dorof. + IA. crassa Dorof. 
M. glabra Dorof. —- |/A. lucida Dorof. 
Broussonetia tertiaria Dorof. -- |IlCornus gorbunovii Dorof. 
B. pygmaea Dorof. + ||Ericaceae gen. 
Moroidea reticulata Dorof. + |lStyrax dravertii Dorof. 
Polygonum reticulatum Dorof. + |/Menyanthes parvula Nikit. 
Brasenia cf. victoria (Casp.) Web. Le an Perilla tertiaria Dorof. 
Nuphar sp. ae  ||Weigela kryshtofovichiana 
Ceratophyllum submersum Dorof. 
Wewiosss: + ++ ||Solanaceae gen. 
Sinomenium cantalense (E. M. Sambucus pulchella C. et 
Reid) Dorof. ato + E. M. Reid 
Liriodendron geminata Kirchh. —- -+- ||Trichosanthes fragilis E. M. 
Magnolia parvisperma Dorof. ae Reid 
M. cf. obovata Thnb. a Cucurbitaceae gen. 
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Carpolithes rosenkieri Hartz 
C. natans Nikitin 

C. saxifragoides Dorof. 

C. phytocrenoides Dorof. 


O6p. 


Ne 3 


++ + +44 $44 + 4444 


+ +++ 


+ + 


os 


+ 4+4+4++ 4+ 4+ 


20 
aS 


+++++ + 


a Se a en ee ee ee ee oe ee 


++ +++ 


30 at 32 


Puc. 1. 1—3 — Quercus sibirica Dorof.: / — natocka, 2, 3 — »*eyAb; 3x. 4 — Sequoia langs- 
dorfii (Br.) Heer, umurka; 2X. 5, 6—Taxodium dubium (Sternb.) Heer, vemlyH winueK; 5X. 7— 
9— Pterocarya crassa Dorof.: 7 — no1oBHHKa 9H0Kapna, 8, 9 — wenbie sHJoKapnpl. 10, 11 — 


Magnolia cf. obovata Thnb., cemena; 4 x. 12, 13 — Magnolia 


parvisperma Dorof., cemeHa; 


4x. 14 —Liriodendron geminata Kirchh., cema; 8 x. 15 — Staphylea rugosa  Dorol., 


cema; 5 X. 16 — Paliurus sibirica Dorof., sHqoKapn; Bi SMe Why Ll 


cemena; 4 x. 19 — Sinomenium cantalense (E. M. Reid) Dorof. 


8 — Styrax dravertii Dorof., 
cema; 4 X. 20—23 — Ara- 


lia rugosa Dorof., cemMena, 8 x. 24—27 — Actinidia argutaeformis Dorof., cemeua; 8 xX. 


8—32 — Actinidia faveolata C. et E. M. Reid, 


JLAH, t. 132, Ne 3, Hopodees 


cemeHa; 8 X 


). Tp. Tor Ke THI PNOpbl BOCTIPOHSBOAAT PAaCTHTCJbHBIC OcTaTKH 43 TOpH3oH- 


a necKoB, MoycTumawmux Sypple yrau y c. Ko3siomMHO B ycTbe p. Tomu (°). 
Botanvueckuli uncTUTyT uM. B. JI. Komaposa Ilocrynuso 
24 I 1960 


Axanemuuw HayK CCCP 


ILATHPOBAHHAA JIMTEPATYPA 


1M.T.Top6yHoB, Yu. 3am. TomcK. roc. yHHB., Ne? (947). = Mal corp Ow 
HoB, Axsroped. Auccepraumu, Haq. Tomck. roc. yHHB., 1951. 3M. rT. Popoy Hos, 
Cc. B. Wawk u i, JAH, 97, Ne 6(1954). * 1 YU. Lopopeecs, JLAH, 123, Ne 1 (1958). 
511. HW. Lopodees, JAH, 128, Ne 3 (1958). 67]. UW. Lopodees, AH, 127, 


N 5 (1959). : 
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JlJokxuaygn AkayleMuu Hayk 


1960. Tom 132, Ni 3 


K. A. KJIMTHH 


O MOJIOKEHHM WM BOSPACTE HEKOTOPBIX TOJIL B 3OHE 
rJIABHOrO PA3JIOMA BOCTOUHOrO CAAHA 


(II pedcmaeaeno axademuxom H. C. Iamcxum 13 I 1960) 


B reogormyeckoM crpoeHuu 30HbI Tviapnoro passoma Boctouxnoro CaaHé) 
CyILeCTBeHHY!O pOsb urpaloT TeppHreHHble, TIaBHbIM OOpa3som rpy6o06.10mM0%-* 
HbIe CaGOMeTAMOp(H3OBaHHble MOPObl, H3SBECTHbIC B JIMTepaType MOK Ha3sBa- 


SP By KOOL 
x ERIE RRKS 
oe PARRY 


DOKL 
R xX 
SOOO 


Lo 
LY 
REQ KROL 
SLR 
EEF eatin 


x 


34) (4 


1 
10 ie} ‘0 20 30 


Puce. 1. CrpyktypHo-reoworuueckan cxema 30HHI TaBHo- 
ro casHcKoro pa3yioMa. | — BbICTyN KpHCTammMuecKoro 
cyHgamMenta CuOupcKoH matpopmpl; 2 — uuxKuHenaneo- 
3OHCKHH MIaTPOpMeHHEIH exon; 3 — npoTeposolicKuii 
KomileKc Boctouno-CaaHcKoro aHTakHHopHa (IIpotepo- 
caaHa); 4—/2 — nopogbl sonbt Tnapyoro casHckoro pa3- 
JioMa: 4 — TepeMsATbIe H pasqpoOeHHble mpoTeposolicKHe 
nopogbl, 5 — MpoTeposolckHe MH HHXKHEMameos0licKHe oc- 
HOBHbIe HM YJIbTpaOCHOBHble HHTpy3Hu, 6 — mpoTeposoii- 
ckve H HMKHeMaleO3soicKHe rpaHHTH, 7 — KHueHCKaa 
cBHTa (pHdel), § — KeMOpulickuve mecuaHuKn, 9 — epon- 
ckHe WeOuHble MOpOAbl (CHeHHTE! HM opTodupHl), 10 — 
ACBOHCKHE OCHOBHBIE H CpeqHHe sddy3uBbl, 1/1 — eBou- 
CKHe IeIOUHbIe TpaHuThl, 12 — kpacHOIBeTHble KOHTJO- 
MepaTbl Jepona; 1/3 — Baxkueliliue pa3nompl; 14 — npo- 
CTHpaHve nopoy 


CCCP 


HH€M KHYCHCKOH  CBHTBI 
(MH. K. Mupouos), a Takxe 
BY JIK AHOreHHbIe TOJILIH, 
MIpeCTaBJIeHHbIe = OCHOBHBI- 
MH, &@ M€CTaMH H WeJIOUHbIMK 
apy3uBamu. 

Kuyenckaad CBHTa Mpo- 
clexKUBaeTCA"B BePXOBbAX 
pp. Arya, Taryaa, Bupro- 
Chl H Yb BOIb |y3KOH 30- 
Hbl CeBepO-3alayHOroO Mpo- 
CTHPpaHHA Ha * NpOTAKeHHU 
cppiue 200 km (puc. 1). Ilo- 
BCEMCCTHO OHA HadHHaeTca 
KPpyNHOraJieuHbIMH, a HHOTLa 
M BaJIYHHbIMH 3€JIEHOBaTO- 
CepbIMH  KOHTIOMepaTaMH, 
raJibKH KOTOPbIX OKaTAaHbI 
yYHOBIeETBOpHTeIbHO. Mx co- 
CTaB 3aMeTHO Bapbupyer 
BIOJIb MOMOCbI pacnpoctpa- 
HeHuaA. B patone p. Yau 
TaibKa COCTOHT H3 FpaHHToB, 
KPe€MHHCTHIX MOpox, KBap- 
IMMTOB, CJIOAMCTHIX CJIAHILeB. 
KBaplla, OKPe€MHEBIUMX 4H3- 
BeCTHAKOB. B paiioue p. Ma. 
oH Buprocel mpucyTcrsye 
OoubIOe KOHYeCTBO Tauek 
KapOOHaTHEIX NOpO] Hu Kpem. 
HHCTbIX CIaHUeB, a B Bep- 
xoBbax p. M. Tarys pos3o- 
BbIX [PpaHHTOB, 'paHO-MOpH- 
TOB, aMvOONHTOB, OpTo- 


rHelicoB, radOpo, paccmaHWOBaHHBIxX 2dpy3uBos, C/HOMMCTHIX Canes. Llement 
KOHIVJIOMe€paTOB OObIYHO MeCuaHO-KapOOHAaTHbIH, SMMAOTH3HpOBaHHbI uw XJIOpH- 


TH3HPOBaHHbIM, OUCH TPOUHbIl. 


Bpepx 10 paspesy KOHTJIOMepaTE MocTemeHHO CMeHAIOTCA rpaBeuTaMH, < 
3aT€M SeJICHBIMH Ne€CYaHHKaMU UW aJleBpouMTamu. Paspe3 OKaHYMBaeTCA CepbIME 
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OWCTbIMM H3BeCTHAKAMH M KapOOHATHbIMH CJIaHIaMM MOIHOCTHIO B 200— 
Q M, KOTOpble COXpaHHJIMCb He NOBcemecTHO. OGulad BHAMMaA MOWLHOCTb KH- 
HCKOM CBuTbI CocTaBsneT 1500—2000 m. Hwkuaa rpanula cBUTHI TeKTOHH- 
cKad, BepXHAA rpannya Ooee oTueTuBa. B pycne p. Manpili Tarya y ycrba 
. CapalicyJIb Ha pa3MbITOH NOBepXHOCTH 3eJICHBIX KOHTJIOMepaTOB C yIVJIOBbIM 
ecormacuem B 30—40° 3aneraioT HeMeTaMOpdH30BaHHble KpaCHOLBeTHEIe Mec- 
aHHKH, COepxKallluMe MPOCOM KOHTJIOMepaTOB, Cpe KOTOPbIX HepelKO cosep- 
KaTCH YIVIOMWEHHbIe FasbKH aJleBpoMTOB. B caMOM OCHOBaHHM KpaCHOLBeTHOK 
JIM B JIMH3€ H3BECTHAKOB, Haxoyaulelica cpequ mecuannkos, B. B. JIlaukui 
cTHoe cooOuleHHe) OOHapyxKu OcTaTKH apxeouMaT. Anasoru4nble KpacHo- 
BETHBIC MOPObI MpPOCeKeHbI HAMM Takxe Mo Oepery p. YabI, Mexkyy pp. JbKyr- 
bIM MH Hepxa, rye HX MOILHOCTb COcTaBsIAeT OKOJIO 2 KM. 

Tlopogbl KHYeHCKOM CBATHI OGbIUHO pe3KO JMCONMPOBAaHI, OHH MOUTH M0- 
C€MECTHO CTOAT BEPTHKAJIbHO WIM MayaiwoT OY€Hb KPyTO, a MECTAMM MepeMATHI, 
acClaHIOBaHbI WH Mperepmemu mMetamopdu3m. Meramopdu3mM nposBsaetca B 
JOPUTH3allHu, STMAOTH3ALMH MU CEpHUMTH3alHN MecuaHUcTbIX NOpok H WeMeHTa 
OHrIOMepaToB. KpacHOUBeTHbIe NOpOsb! BbillleexKalleH TOU HaKJIOHeHbI 
aK%Ke KPYTO, HO BBITVIAAAT COBepWIeHHO HeMeTaMOpdH30BaHHbIMH. HaxoyKa 
} HAX AaPXeOMMaT CBHETEIbCTByeT 06 HX KeMOpHlicKOM BospacTe. BepoarTuo, 
IeCUaHHKH MOXKHO CONMOCTABHTb C KPaACHOIBeTHbIMM TOJIIaMH HM2KHETO KeM- 
puna Ilpucasupa. 

OTHOCHTeJIbHO BO3paCcTa KHUYeCHCKOH CBHTbI WMeeTCA HECKOJIbKO MHeHHH. 
1, 1. Cepos u Il. A. Cmoupexunii ornecum ee K opfopuky, A. A. Capembes (*) 
< HWKHemy KemOpuw,; A. JI. CmupHos, Mo anasoruu c coceqHuMu patouamu Boc- 
ouHOro CasHa, CuHTaeT, YTO CBHTa MMeeT pudbeHcKUH BospacrT. 

_ Tak Kak MOpoOybl KHYCHCKOH CBHTHI C YIJIOBbIM HeECOracveM NepeKpbIBaloTcA 
SCMOPHHCKHMH KPAaCHOUBeETHBIMM MeCuaHuKaMU, KOTOPble B MpoTHBOMON0x- 
OCTbh NOJCTHAIOULUM TOJMLaM HeEMeTaMOpPHu30BaHbI HW AMCJOWUMPOBaHb! 3HauH- 
€NIbHO IIpoile, culelyeT MpeNOMNOKUTb, YTO KHYeHCKAA CBHTa MMeeT JOKeM- 
pulickult Bo3spact. BepoaTuo, memecoo6pasHee ee OTHECTH K pupelo ut coroctTa- 
3UTb C MOpoamu, B_INOTHAIOUIMMU Miicko-BeabceKult rpaden Bocrounoro Casa. 

Kuyenckas CBuTa HW Ooulee ApeBHHe TOJINH B APyrHX MeCTax MepeKpbIBaIoTCcA 
IOMOTO MEKAULMMU BYJIKAHOreHHBIMH Toposamu, MWpeWCTaBJIeHHbIMH ua0a3z0- 
sbIMH MH AHJe3HTOBbIMM NopdupuTamu, a TakxKe OpTodpupamu u pasHOOOpasHbl- 
MH Tydamu, TypoOpekuuAmMu U TYCOKOHTVIOMepaTaMH. 

B Bepxopbax p. Hepxu HWKHAA YaCTb BYJIKAHOreHHbIX MOpoY cowKena WHa- 
Ja3OBbIMM NOpupuTaMu, HepeKO Cc y3bIpHcToH TekcrypoH. Mexyy MoKposBa- 
MM TIPOCJIEXKUBAIOTCA MpOcJIOH HeEMeTAaMOP*H30BaHHbIX CepbIxX TyoMmecdaHHKOB 
{ auleBpoMTOB. BepxHad 4acTb pa3spe3a CIO%KeHa KPaCHbIMH OPTOPupamH Cc 
bebSHTOBOH CTpyKTypolH. O6ilad MOLIHOCTb ByJIKaHOreHHOH cepun 500— 
[500 m. BytkaHorenuble Mopogp y 4. Hepxu ppepx CMeHAIOTCA KpacHo-Oy pbiIMu 
‘py6OoTCOpTHpOBaHHbIMU BaJyHaMH M KPYyINHOraJleqdHbIMH KOHTIOMepaTaMy, 
ae atOUlMMH MOUTH TOPH3OHTabHO. TaibKa KOHTJIOMepaTOB OKaTaHa IIOXO 
1 COCTOUT IIPCHMYLeECTBEHHO U3 MOACTHMAIOULMX NOPpPHpHTOB, pexke CHeHHTOB, 
)pTOupoB u Mopox KuyeHcKOH cBuTHI. B HuxKHeM YaCTH KOHTIOMepaTOBON TOJI- 
IM IIPHCyTCTBYIOT peAKHe MOKPOBbI MYy3bIPHCTHIX MOPPUpHTOB. 

Dhpy3uBHble TOMA NPOPbIBalOTCA H3MCHYHBHIMH MO cocTaBy HM CTpykType 
relaMH + KMPIMMUYHO-KpaCHbIX CHeHHTOB, PpaHO-CHeHHTOB HM CHeHHT-Nopdupos. 
WIHakO YaCTO MOXKHO HaOMIOLaTb, KAK BBepX MO paspe3sy H B CTOPOHy Tesla cue- 
IMTOB MOCTeMeHHO CMeHAIOTCA OpTOupamuU c clon aIbHOH TeKCTypOH uM Mpo- 
IOAMM TYOBOrO MaTepHasla. OTO CBUETEIbCTBYeT O TOM, YTO HHTPy3Hu cHe- 
1MTOB ABJIAIOTCA TuMAaOMCCaJIbHbIMH. 

K cepepo-BOcTOKy OT HOJIOCbI pa3BHTHA KHYeCHCKOH CBUTbI pasBuTa Ta *Ke 
aMasl BYJIKAHOreHHAaA TOsa, HO 3asleraloulad HeMOcpexCTBeHHO Ha IslyOOKO- 
feTAMOPU3OBaHHbIX Moposax (?). B ee cocraBe MpeoOaaoT OCHOBHBIe H Cpeyl- 
He MOpOsbl M OTCYTCTBYIOT WeOUHbIe. OppysuBbl MpPOpHIBaIOTCA 3eCb Kpac- 
IbIMM ULeJOUHbIMM TpaHHTaMH M 3HaYHMTeIbHO pexKe MEJIKHMH MAaCCHBaMH CHe- 
1HTOB. 
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Kpacuble rpanuTbl IpegcTaBss10T COOOH, Kak 9TO paHnee MoKasas JI. FS 
Henan (2), KPyIHble MexKPOPMALHOHHBIe Tela, IPHYPOYeHHble K MOBepXHOct 
pa3qea BYJIKAHOreHHBIX TOM, H MOACTHIAIONLAX UX MeTaMOpudeCKUX Topo 

TlnutesbHoe Bpema apby3uBHble OOpasoBaHuA OTHOCHJIM K CHJIypy MIM Tt 
Bony. B HacTosulee Bpema psy reouoros ((*,*) H Ap.), OCHOBbIBAACh Ha HaXOMKd 
B 6a3aJIbHOM KOHTOMepaTe KHYeEHCKOH M KaparaccKol (Cm) CBUT raseK ee 
3UBOB, OTHOCAT BYJIKaHOreHHbIe MOpOsbl K MpOTepo30iI0 WM COMOCTAaBAIOT F 
C KyBalicKOH CBHTOH 3alaqHOH yacTH Boctrounoro Canna, uTo, Mo Hallemy = 
HHIO, ABHO He COOTBETCTByeT JelicTBUTebHOCTH. I]poreposovicKomy BO3pac’ 
atbipy3HBOB MpOTHBOPeYHT, C OMHOM CTOPOHbI, MoMoroe saseraHuve ByJIKaHOFe: 
HBIX TOJIML, Ha MOACTHIAOMINX Moposax, B TOM 4HCIe HM Ha KHYeCHCKOH CBHT 
ac pyro — orcyTCTBHe HIM OUeHb Cabo0e MpoABJeHHe B HUX MeTaMOpdu3M 
O6ptuHO B adcty3uBaxX 3aMeTHDI JIMIIb CJlefbl 3@eHOKAMCHHOTO H3MeHeHHA, | 
TOKO B 30HAX Pa3JIOMOB OHM MHOTa MepeMsATHI U pacclanoBaHbl. IloposH ¥ 
KYBaHCKOM CBUTbI, OTHOCHMOM K BepXaM MpOTepo30H, AUCIOMMPOBAaHbl OCTATO! 
HO CJIOKHO HM HCHbITAIH 3HAdMTeJIbHbIM MeTAaMOp@u3M. ; 

Kpome Toro, ByJIKaHOreHHble OOpa3s0BaHHA B Bue HeMpepHIBHOM TMowIOe 
MpOciexKUBAaIOTCA CO CTOPOHH! PriGHHCKOH BMaMHb, Pye HX FEBOHCKMH BOspaé 
Obl JOBOJbHO yOeqUTebHO WOKa3aH. B MeTporpaduyeckoM OTHOWeHHN sip 
3HBbI MMeIOT HECOMHEHHOE CXOJICTBO C JeBOHCKHMH Sipy3HBaMH MeXKPOpHE: 
BiaguH Tysst u Mruycst. 

Tlopoap KMYeHCKOM CBHTbI JeCHCTBHTeEIbHO COepKaT LabKH ByJIKaHore! 
HbIX HOPO, HO OHM OObIUHO pacCMAHWOBAaHbI, MCTAMOpdusOBaHbI HU B NeTporpadl 
YeCKOM OTHOWCHHM HE HMeIOT CXOJCTBa C OMMCAaHHBIMH BbILe. BeposTuo, B patti 
He BC€ 2KE CYIMeCTBOBAJIH BYJIKAHOreHHBIe TOJIH, COMOCTaBHMbIe C KYBaHCKG 
CBUTOH, HO MO3qHee OHM ObIJIM YHHUTOXKeHbI pasMbIBOM. B HacToslee BpemaA ¢ 
HUX COXPaHHWJIHCb JIMUIb HeOObIUMe NOIA, 3axKaTbIe B BUE TEKTOHHYECKY 
KJIMHbeB Cpe Ooslee J PeBHAX NMOpor. 

OnucaHHad nomoca NOpok uMeeT ONpeseseHHoe CTPyKTypHoe NosO*Kenu! 
Paoorn C. B. O6pyuesa, H. C. Satuesa, E. B. [lapnoscxoro, A. J]. Cmupxor 
M Ap. WokasaiM, YTO CeBepO-BOCcTOUHLIN SOopT BoctouHoro CasHa mpescTaBaat 
610K TsryOokOMeTaMOp*H30BaHHHIX MOPOM, KOTOPHI paccMaTpMBaeTCA Ké 
Kpaepoe NOMHATHeE byHamMenta CuOupcKow muiaTpopmpl. PacnowoxKeHHbI 10" 
3allayqnee BOLOpasebubIM xpeOer BocTounoro Cana clOKeH MpoTeposolick! 
MH TOJIMaMH HW WpesCTaBsAeT KPYMHY!O AHTHKJIMHOPHY!O CTPyKTypy, Nomyun 
mlyi0 HasBanue [Iporepocasua. IIporepocaauH 3aHuMaeT T1poMexKyTOUHOe MOI 
*KeHue MeExy CuOupcKoH naTpopMol uM KaseqoHHfamu wora CuOupu. OT um 
pod d@yHamMenta WiaTpoOpMbI On OTeeH TIYOMHHbIM pa3JIOMOM. STOT pa3uJo1 
M3BeCTHHIM Mo HasBanuem I iaBHoro casHcKoro pa3uioma (+), mpocmexkuBaerc 
Ha mpotsaxenun 1000 xm or Balikana no Kpacnospcka. B uccmenoBaHHc 
palione pa3JioM BblfemseTcA OcoOenHO YeTKO. IIpHnoqHATHI Kpaii nuatdbopm 
CJIOXKeH PasHOOOpasHbIMH OPTO- H MaparnelicaMu WM MOMYHHEHHLIMH HM TOVJIIL 
MM KBapI{MTOB M Mpamopos. Hapayy c rocnoycTBylouluMu ceBepo-sallaHbIn 
TIPOCTHPaHHAMU 3eCb HaMeYaIOTCA TaKKE MePHAMOHAJIbHbIe MU 1OrO-3allaHE 
OPHeEHTHPOBKH CTPyKTyp. 

B crpoenuu anTukiuHopua Boctrounoro Caaua nepBocTeneHHy!o pomb Hi 
paroT KapOonaTuHble MOpogbl (rpacbuTHcTble MpaMOpbl, MpaMOpH30BaHHBIe UH 
BeCTHAKM), a TaKXKe KBaPIMTbl, THEMCbI, YIJIMCTbIE WH KPeMHUCTHIC Can 
HHTpy3uu Cepbix CJIOQMCTHIX TPpaHHTOB MpoOpHIBaloT MpoTeposolickue TOM, 
oOpasyA YVIMHEHHbIe MACCHBBI CIOXKHOM POpMbl, OPHEHTHPOBAaHHbIe Cormack 
Cc NpocTupaHneM CKJlaqyaTocrH. 

Sona CO"“eHeHHA IpHMo_uATOrO yuactKa Cu6upcKol namardopmet c Bocto 
HO-CaadHCKMM AaHTHKJIMHOPHeEM MpescTaBsseT COXKHO MOCTpOeHHYy1O 30HY CM 
THA U Mpooenns MOpOl, B CTPOCHHM KOTOPOH yuacTByIOT HaMOoulee BLICOK 
TOJULM MpOTeposokcKoro paspesa, MPOHH3aHHble NpOTeposoHcKuMN, a OTUACT 
BOSMOXKHO, HW MWasleO3OMCKUMM MHTPY3HAMM YJIbTPaOCHOBHbIX, OCHOBHBIX (ce 
NeHTHHUTH, aMPHOONUTE, TaOOpo) MU KUCMEIX (TPAaHHTbI, PpaHO-qHOpHTE!) TI 
poa. K sTo Ke 30He IpHypoueHa Momoca pacmpocrpaneuua TeppHreHHbIX Tl 
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Of, KMYeHCKOM CBHTHI, a TaKKe HATPY3HH U sdby3uH MeBOHCKUX WeNOUHHIX 
opog. 

Ulupuna 30Hb! riyOuHHOrO pa3uioma Koule6netca or 10 20 25 Km. Mutencus- 
OCTb MeTaMOp@u3Ma HM JMCOMUMPOBaHHOCTH MOpOk BAOJb 3OHbI MeHHeTCH. 
OpOAbl MpoTeposon B 30HE PasJIOMa PaC4JICHEHbI CIORKHOM CHCTeMOL pasppI- 
OB Ha MHOXKECTBO YJVJIMHEHHBIX OJIOKOB H KJIMHbeEB, IPH4YeM HAaMOOVIbUAaA WuCNO- 
MpOBaHHOCTb, pacCJIaHWOBaHNe, Me€TaMOp@v3M H MHJIOHHTH3aNNA MOpoy orT- 
eyaeTCA BAONb rTpanum OnoKoB. HaOmogaemple WIOCKOCTH pa3JIOMOB BepTH- 

KAJIbHbI WIM KPyTO HaKJIOHeHb! Ha 1Oro-sallay. SepKasla CKOJIbKCHUA UCLITPUXO- 
aHbl OoposaMu, HepeKO OPHeHTHPOBaHHbIMM TOPH3OHTAIbHO, YTO CBUTe- 
€NIbCTBYCT O BO3MOXKHIX FOPH3OHTAJIbHbIX NePeMeULeHHAX OJIOKOB. 

MutTpy3uu rpaHuTOB M OCHOBHEIX HOpO NpOTAPMBaIOTCA MpeuMyllecTBeHHO 
Ob }OrO-3alaqHOro KpaH 3OHbI PasJIOMOB. OHM OObIUHO Pa3rHeHCOBaHbl, a B 
avOoulee HallpaxKeHHBIX yuaCcTKaxX HU paccaHWoBaHbl. Tlopoyb KuuencKoli 
BUTbI TATOTCIOT K C€BEPO-BOCTOUHOMY KPalO 30HbI pa3ssioMoB. Oun Mperepnenn 

[PaBHUTeJIbHO HeEOOJIbIIOH MeTaMopdu3M, HO B palone pp. Mampi Tarya u An- 
03a KOHIVIOMepaTbI BCe 2Ke CHJIbHO paCcCJlaHWOBaHbIl, UX TadbKa paciiuommlena, 

IMeCHT XJIOPUTH3HPOBaH MH 9IMMAOTH3HpOBaH. 

Ilerporpacduyeckul cocTaB raJieK KMYCHCKHX KOHTVJIOMepaTOB TOKa3blBaeT, 

TO HX BOSHHKHOBeHHe CBA3AHO C PaspylleHHeM Nopor, caraioulux BocTouno- 
SaAHCKHH anTuKsMHOpul (IIporepocasy), IpHuem B CocTaBe raieK OObIYHO IIpH- 
YICTBYIOT B OOJLUIOM KOJIMYECTBE HEKOTOPHIe PpasHOCTH MpoTeposolicKuXx rpa- 
{MTOB HM OCHOBHBIX NOpOL, MpHypOveHHbIX HeMOcpeACTBeEHHO K 30HE pa3uoma. 
“aIbKM KPHCTaIMYeCKUX MOPOR, CJlaraioulH“X CeBePO-BOCTOUHHIM OOpT 30HbI 
)A3JIOMOB, HMEIOT pe3KO NOYMHeEHHOe 3HaueHHe. 
_ B 30He paguiomoB pacmOularaiorca Tak2%Ke MHTPYSHBHBIe Tea CHCHUTOB H CBA- 
sAHHbIC C HAMM OpToduppl. K cepepo-BOCTOKY OT 30HbI, HO BOJIb ee, Mpocexku- 
3alOTC A OJHOBO3pacTHble C CHCHHTAMH M OPTO*NpaMH MHTPy3HH u sppy3sun, 
<OTOPHIe, OMHAKO, CYULECTBEHHO OTMIMUAIOTCA MO pay ocoOeHHOCTeH. OTa no0- 
a adby3HBOB COCTONT H3 BYJIKAHOreHHEIX MOpOA OCHOBHOTO HM CpemHero cocTa- 
3a, TOr,a Kak B 30HE Pa3JIOMOB MpeoOlaqaioT wWemOunble pasnocTH. To *e MOXx- 
(0 CKa3aTb HM OTHOCHTCAbHO JICBOHCKHX HHTPY3HBHBIX Tel. B 30He pa3sioma 
[DPHCYTCTBYIOT HlecTpble NO NeTporpadbuyeckomy COcTaBy M CTPyKType CHeHHTHI, 
lepeKO COfepxKalllve KCEHOJINTHI BMeWLAIOWMX MOpOA HM pasHooOpasunle ByJI- 
‘aHnueckue Opekuuuv. B palone naTpopMeHHOrO BBICTyNa MpeHMyllecTBeEHHO 
JA3BUTbI KPaCHble WLeJIOUHbIe TPpaHUTbI, BbIeP2XKaHHble MO COCTaBy UM CTpyKType 
ia OOVIbIUOM MNowWaLy. 

V3 ckasaHHoro cemyeT, YTO NOPOAb! KHYEHCKOM CBUTbI UMelOT NOKemOpuii- 
Kui, BepOATHO pudelickul, BO3pacT, a BYJIKaHOreHHble OOpasoBaHuA UM Mpo- 
IBAIOWIMe UX WLEOUHbIE MHTPY3HH CJIELyYeT OTHOCHTb K eBoHy. 

Hakonuenue Nopog mpoucxosns0 B y3KOM rpaOeHe, paCctiOO%KeHHOM B 30HE 
WyOUHHOTO pa3zioMa, OrpaHvyMBarollero CuOupeKy1o nuiaTpopmy c wra. STOT 
a3JIOM UIpasl CyULeCTBeEHHY1O POJIb B PeOJIOrMYeCKOM MCTOPHM UH MeTaJJOreHyH 


avoHa. 


Teomortueckuli MHCTUTYT Tloctynuao 
Axajemuu Hayk CCCP 8 I 1960 


WMTHPOBAHHAA JIMTEPATYPA 


1H. C. 3aues, COopx. Kaneqouckaa oporenua, Matep. Kk 21 ceccuu M@KLy Hapol- 
ro reon. KoHrpecca, 1960. 7 JI. I. 3oHeH man, Matep. 0 pervoHaJIbHOH reouvio- 
m, Tp. Bcecoio3H. asporeon. Tpecra, COopu., B. 2, 1956. % A. H. PacckasuuKoes, 
atep. 10 reo. H momesH. uckonaembIm Bocr. CuOupy, B. 1 (XXII), Upxyrck, 1957. 
A.A. Capeubes, COopH. craTeii HayuH. COTpyJH. JICHHHrp. Teo. yupemenun 
CCCP, B. 2, 1959. 
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O. JI. SHMHOP u M. B. BAOBEHKO 


CTPATOTHMNMYECKHM PASPE3 HWDKHErO HAMIOPA 
(BEJIEYTHHCKOFO FOPH30HTA) WEHTPAJIBHOrO KA3AXCTAHA 


(ITpedcmaeaexo axademuxom J. B. Haauexunoim 16 I 1960) 


Hamiopckue oTmoxenua B J>Ke3Ka3raHCKOM paHoOHe BIepBbIe YNOMAH, 
B. ©. Becnanos (1,7). OrHeceHHaw K HAMIOPCKOMY ApPycy TOJULa 3eJleHbIxX Cz 
WeB H WecuaHuKosB B 500 M oxapakTepu30BaHa KOMIJIeKCOM OpaxHonog, KOTOpPL 
JIMIb YCIOBHO MOXKeT pacCMaTPUBaTbCA KaK HamiopcKuH. Hamropy, «BO3MOxK 
BepxHemy», cooTBercTByeT, corjacHo B. H. KpecrospuuKosy (*), BepxXHaAad wac 
ATOBKMHCKUX CuIoeB p. Beseytn. H. B. JIurBunHosuy B 1947 r. Bbiqenuuia HaME 
B cpefuem Teyenuu p. Muna (°), a B 1954r.— Takxe u mo p. Kunuax ( 
B mocuexyiomen pa6ore 9sTOT aBTOp MpHBOAMT CMMCOK MOpPCKOH PayHbl U3 FE 
pa3sqeeHHOH TOM BepxHero Buse — Hamiopa. H. B. JluTBuHoBny cBuzeTel, 
CTByeT, UYTO KMHOFHE UCCEMOBATeEIH, HSyYaBUIMe KAMCHHOYTOJIbHbIC OTOXKEH, 
JixkeskasraHckoro paoua, OTpHIaIM HamMyMe B HUX MOPCKHX MOpox HaMIC 
CKOrO BO3pacTa HM OTHOCHJIM K HUM HH2KHIOIO YaCTb KpaCHOUBeTHOFO KOMIIJICKC 
(@)oenpey 122), , 

B «Pesosrounn Copenlanua mo yHudbukaluu» (°) k Hamropy OTHeCeH 6eJ 
YTHHCKHM TOPH3OHT, BHECCHHBIM Ha TaOuMe COMocTaBeHuM B yHHpUuUMpOBE 
Hyto cxemy Bocrouxsoro Kasaxcrana. [opv30HT NOHOCTbIO NpHpaBHeH HaMK 
ckomy xApycy. B Mmenbilem oOObeme, 3a CueT OMYyUIeHHOH BepxXHel TpaHU 
IpHusATa OeleyTuncKasd cBuTa J>KesKasraHcKoro u Tenu3cKoro pahouos. B oth 
YeCHHBIX WH B UPyruX pahowHax MOPCKue OTMORKeHUA HAaMIOpCKOrO Apyca BILLED 
uucb B KasgaxcTane, M0 cyllecTBy, yCIOBHO—Ha OCHOBaHMM cTpaTurpadu 
CKHX COOTHOMIeHHH TOMML H MO dayHe Opaxuonoyz, a yacTbIo Nenennnog, dy 
JOMOA, MUUaHOK. 

EMHCTBeHHad Tpylla ayn, MOsBoONAWOULaA YCTaHOBUTb OTMOKeHHA I 
Miopa C JOCTaTOUHOH YBePeHHOCTHIO, T. €. TOHMATHTOBaA U3 «HaMiOpay Kass 
cTaHa, HHKeM B JIMTepaType He NpuBoguacn. JInmp JI. C. JIu6popuy ormex 
B palioue K tory oT r. CemulaatuncKa cio“ ¢ Proshumardites (4). C reono: 
YeCKHMH Paspe3aMH STOT HAMIOPCKUNH poy He Obi CBA3AH H B (®) He MpHBOAMI 

YCJOBHBIM, 3a OTCYTCTBHEM JOCTATOUHO XapakTepHOTO JIA Hamiopa pac 
TeNbHOFO KOMIVI€KCA, OCTAeTCA BbIJeeHHe STOTO Apyca WM B yruIeHOCHOH KOH 
HEHTaJIbHOM cepHH KaparanauucKoro Oaccelina. 

Hamu Obl usyyeH CrpatoTunMueckul paspe3 OeeyTHHCKOrO ropu30HTa 
p. BeneyTs, 10 3anaqnomy Kpbisty JoKesKka3sraHcKol BiaquuEl, u B LlonaKct 
MyJible B Mpememax mucta L—42—VI]]. Hexoroppie ecrecrBenupie paspe 
OKa3aJIMCb JOCTaATOUHO XOPOWIO OOHAKeHHIMM HW NOMHbIMM. B unx Opa nocm 
HO coOpana Ooratad KOuekIuA (PayHbI Opaxvonog, rosoBoHorUx (B OCoGeHHO 
TOHMATHTOB), a TakK?Ke MIMaHKH, OCTPaKOMbI, MeeNMNOLL, KOPaIbI M eLMH 
Hble TpeACTaBUTeM Apyrux rpynn. B usBecruakax BcTpeyeHbl Popamunnde| 

lonespie ucceqoBanua MpoBogusucb KuescKHM YHHBeEpCHTeTOM B CBA3 
reOJOPOCbeMOUHbIMM paOoTamu MO 3afaHuto [leutpambHo-Ka3axctrancKoro fT 
jorMyeckoro yipaBsenua. Kpome apropos, B HUX MIpHMHuMadM yuacrue A. 
VYpanyuiko nu B. A. Amnexcangpos. 

@ayHa PoHMaTHTOB uM HayTHOMJeH Ona onpenenena JI. C. Jin6posus 
ocTpakol — B. C. Sacnesonoli, KOTOpEIM MBI BEIPAKaeM UCKPeHHIOW ps 
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JibHOCcTb. Bpaxnonogs onpegenua O. Jl. Sinop, dopamuundeppr — M. B. 
OBEHKO. 

BeneyTuucku TrOpv30HT MpecTaBsieH H3BeCTHAKAMH HM MecuaHO-rviMHUc- 
BIMH NOpOaMu, HepaBHOMepHO YepesyIOUlMMUCcA B ero pa3spese. Ero ocHoBa- 
we MpopesenoO B NOMOWBe NayKH, CosepxKalleH PaHHeHAMIOPCKHH KOMIIeKC 
DHHAaTHTOB C TpHMeCbIO NOsqHeBUselCKUX cdbopm. Hwxe 3aneraeT MaseoHToO- 
OrwuecKH OXapakTepH30BaHHbIM BepxHui Buse. Ha OemeyTHHCKOM ropu3oHTe 
@KUT B OCHOBHOM KpaCHOUBeTHaA HM KOHTHHEHTAJIbHaA TaCKyykCKan CBUTA. 
PXHAA panna OeweyTHHCKOrO TOpH30HTa HAMM MpOBOAUTCA B HOMOUIBe 
WKHETO M3 CMOEB KPaCHOLBETHHIX MeCYaHHKOB WIM AIeBPOJIMTOB, T. €. Ha He- 
ObKO MeTPOB (5—6) BbIIe NOceqHerO H3 MHOTOUMCJIEHHBIX Mpocso0eB C MOp- 
oH dayHon. Dees 

B TakoM NOHHMaHHH OOBeM «OeeyTHHCKOrO TOpH30HTa» TOUHO OTBeuaeT 
eJieyTHHCKOW CBHTe», KaK OHA IIPHHHMaJIaCb Ha IpakTUKe UM BOLWWIA B KyHUdu- 
WpOBaHHy!0 Cxemy». B Hallie TpakTOBKe, OeeyTHHCKHH TOPM30HT HE BKJIIO- 
aeT B CBOH OObEM HHKHEH GYaCTH TACKYAYKCKOM cBuTHI. IIpoBO_NTb BepXHIOIO 
aHully OeleyTHHCKOH CBHTbI BHYTpH OeseyTHHCKOrO TOpH3OHTAa, KaK 3TO TO- 
agaHO Ha TaOuluue (*), IpakTHyecKH HEBO3MOXKHO. IlomemleHHe UX B KayecTBe 
BYX CAMOCTOATEJIbHbIX CTpaTHrpapuyecKuX eAMHUL B TaOMMMy KapOona u Uep- 
i Bocrouxoro Kasaxctana (°) aABuIAeTCA PE3yJIbTATOM ABHOTO HEMOpa3syMeHUA. 
 Paspe3 OeneyTHHCKOrO ropH30HTa NospasmqeseH HaMH Ha TPH YeTKO OGoC- 
OBauHble Tommnu. Ileppaa (Cyn,a) HayMHaeTCA C TOHMATHTOBbIX H3BECTHAKOB 
-COCTONT M3 MepeCaMBalOulMXCA CAHWeB, aJCBPOJHTOB M MeCuaHHKOB C Mpoc- 
OAMM IJIHTUATHIX, UACTbIO OXKEICSHEHHbIX H3BECTHAKOB. Ee moutnoctTb 130 mo. 
ropan Touma (Cyn, b) HayMHaeTCA THTaHTeJVJIOBbIMH H3BeCTHAKAMH; B paspese 
HH pe3KO mpeoOnagaroT. MomHoctTb Tom 235 mM. Tperba Tosa (Cyn,c) ca0- 
€Ha YaCTO YePeNYIOWMMUCA CJIOAMH aJICEBPOJHTOB, NeCYaHHKOB HM TJIMHHCTHIX 
JaHUeB, C pe3KO NOJYHHEHHbIMM NpOCJOAMM H3BeCTHAKOB. [OHMATHTOB M PHraH- 
OmpoxyKTycow 3yecb HeT. MonHocTbh Tom 125 mM. OOulad MouHOCTbh ropu- 
OHTa Bapbupyer oT 480 yo 500 Mm. Kommuekc ronuaTuToB 43 OCHOBaHUA Oesley- 
MHCKOFO FOPH30HTAa OlpesesaeT PAHHHH peses ero BO3spacta, Kak HHKHHH 
amiop. Bpaxuonogpl, dopamunudepbi, OCTpakOfbl yKaSbIBalOT B OOWLeEM Ha Bep- 
WM Hw KHerO KapOoua. Bomee MOMOROH BO3pacT XOTHA Obl TOJIbKO BeEpXHeH TOMI- 
IM, T. e. Cyn,c, Malo BepoxTeH NO cbayHe Opaxuonog UW OCTpakO UM HUCKJIO- 
aeTCa Mo cocTaBy opamMunudep ABHO IIpOTBHHCKOrO Tula (Ha KyNoue KoxK- 
106e). Kpome Toro, ake B BepXaX BblllesewKallleH TaCKyAYKCKOM CBHTBI yCTa- 
OBJICH KOMMIeKC (opamuHUudep HaMiopcKoro — HH KHEeOAINKMPCKOrO THMA. 

Hwxknaad uacTb Tomi Cyn,a cloKeHa JBYMA NWaukaMH TeMHO-CepbIX IIMT- 
aTbIX CPEMHESEPHUCTHIX HM MEJIKOSEPHHCTHIX, MECTAMH JETPHTYCOBbIX WIM 3eM- 
UCTHIX M3BeECTHAKOB, TNepecavBalolwluxXcA C aJIeEBPOJIMTAMH HM aprHJIMTaMU. 
\APAKTEPHbI MeJIKNe WKeMesHCTble KOHKPelwH. CyMMapHaA MOMIHOCTb 9THX 
ByX mlauek 20 mM. Bea tbayHa OTMM4YaeTCH MeKOPOCJOCTbIO. 

Bech cojepxKaTCA HMKHeEHAMIOPCKHe TOHHATHTHI, Kak Cravenoceras arcti- 
um Libr., Cravenoceras cf. nevadense Mill. et Furn., Paragoniatites sub- 
ircularis (Mill.), HayTumugpr Endolobus ornatus Girty, Vestinautilus cf. 
eleutensis Shim., 6paxuonogp Productus (Krotovia) aff. karpinskianus Jan., 
t. (Echinoconchus) elegans M’Coy, Pr. (Linopr.) cf. ovatus Hall., Pr. (To- 
vasella) cf. pseudomargaritaceus Jan., Spirifer cf. rowleyiformis Ein. n. msc., 
piriferina aff. transversa M. C., dbopamunudepn: Archaediscus ex gr. ba- 
shkiricus Krest. et Theod., Arch. pararugosus Brazhn., Eostaffella 
arva decurta Raus., Ammovertella sp. B BepxHeH yacTuH TOJIMH mecdaHo- 
IMHUCTHIC MOPONb! pesKO MpeocOMasaiwT Hay, USBeCTHAKAaMU, PayHa 3feCb NOTH 
OHOCTHIO oTcytcTByeT. MoutHocTh Tomuin Cyn,a 130 Mm. Tosa Cynyb coxena 
3BECTHAKAMH C MpOCOAMHM TVIMHMCTHIX CJlaHleB, NeCuaHHKOB H aJIeBpO- 
uroB. Vi3BpecTHaKH OJ, MMKPOCKONOM IJIaMOBO-JIETPHTYCOBbIe, MeCTaMu 
KPeMHECHHBIe. 

B cocrape dayHbl MpeoOsagqaer rpymna rpyOopeOpucTbix PuraHTONpodyK- 
ycos, Kak Productus (Gigantoproductus) edelburgensis Phill., Pr. (Gig.) 
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giganteiformis Liss., Pr. (Gig.) rectestrius Groeb., Pr. (Gig.) latissimus S¢ 
Kpome Toro, serpeuarores Pr. (Linoproductus) corrugatus M’Coy, Pr. (P 
ductus) postredesdalensis Ein. n. msc., Pr. (Pr.) concinnus Sow., Pr. (At 
quatonia) insculptus M. W., Spirifer rowleyiformis Ein. n. msc., Sp. mont 
merianus Well. subsp. n. A, Sp. duplicicosta Mart., Sp. cf. nalivkini Bole 
Sp. integricosta Phill., Phricodothyris lineata Mart., dopamuuudeppl 1 
chaediscus aff. gregorii Dain, Arch. postrugosus Reitl., Arch. aff. minin 
Grozd. et Leb., Janischewskina sp., Eostaffella acuta Grozd. et Leb., Ec 
aff. protvae Raus., Eost. aff. pseudostruvei Raus. et Reitl., ocrpakognt S 
sabella aff. campa (Coop.), Jonesina? cf. cratigera Jones, Coryellina eleg 
Coop. MomtHocTb Tommu 235 M. 

Tonya C,n,c B 125 M MOULHOCTH CJIOKeHA YAaCcTO YepeRyOMMMHuCA TI 
CTbIMH CaHaMu, asleBpOJIMTaMU, TeCdaHHKaMH HM NOAYHHEHHDIMA UM U3BE 
HaAKaMH. [lo MAKPOCKONOM H3BeCTHAKH IJIaMOBbIe, SHaYHTebHO PaCKPHCT 
JIM30BaHHbIe, C 3CPHaMM KBapla, BbIBETPeJIbIX MWarvOKMa30B H MeJIKAMH OO. 
TaMM uM CibepouuTaMu Kasbuuta. HadmoqaercaA saMeulenMe IlaMa KBapix 
TeNOHOBLIM MaTepnasiom. MuorouncJeHHb! Opaxvonogn, Kak Productus (L 
tyoclostus) crawfordswillensis Well., Pr. (Dict.) pugilis Phill., Pr. (Pustt 
cf. aculeata Mart.,Athyris trinuclea Hall., Dielasma curvatum Tschern. sub 
A; B uncne tbopamunudep Archaediscus aff. gregorii Dain, Tetrataxis | 
minuta Brazhn., Plectogyra aff. omphalota Raus. et Reitl. Pseudoendot' 
ra sp.; ocTpakogpt Paraparchites aff. inornatus M’Coy, Cribroconcha | 
costata (Coop.). 

Borataa cbayHa dopamuyndep MpoTBMHCKOrTO THMa yCTaHOBJeHa B Caw, 
‘pepXax TouwM Cyn,;c Ha Kynoue Kox-Tio6e. B ee cocrase Ammovertella s 
Eostaffella cf. paraprotvae Raus., Plectogyra pauseptata Raus., Globivali 
lina sp., Ammobaculites sp. 

TackyyKckad CBUTa CBA3aHa MOBCeMeCTHO C GeleyTHHCKHM TOpv30H' 
MOCTeNeHHBIMH Mepexoqamu. B coe OKPeMHEHHbIX H3BeCCTHAKOB B BepX! 
yacTu TacKylyKCKoH cBuTp (KoxK-T106e) Haligenbl cleqyroulue PopMpr copa’ 
Hudep: Archaediscus bashkiricus Krest. et Theod., Ammobaculites sp., P) 
togyra ex gr. brady Mikh., Tolipammina sp., Glomospira sp. O6unapyxe 
TakxKe BoOopocm Tuna Donezella. Qror KomnueKc MOOKe MpOTBUHCKOrE 
HanOoulee BEPOATHO — KpaCHONOJAHCKHH (=AXbUHCKUH). C nalleli TOuKH 3 
HHA, efO BOSpacT — paHHeOauIKUpCKHH, C MO3HIMH CTOPOHHMKOB BbIeel 
HaMIOpCKOoro Apyca B KapOone CCCP — BepxneHamiopckult (T. e. cpeque 
MIOPCKHH, COOTBeTCTBy1OlUIMH Hamiopy «B» corjacHo cxeme TeepseHckux K 
rpeccos). CuleqoBaTebHO, BO3SpacT TaCKYAYKCKOM CBUTHI, BEPOATHO, panned: 
KHMpCKHH WIM OTBeuaoliHH 30He Reticuloceras. : 


Kuescku rocyapcTBeHHblit yHHBepcuTer Tocrynuso 
um. T. IT. IUlesyenko Pe 1960, 


UUTHPOBAHHASA JIMTEPATYPA 


1B. © Becnaaos, IIpo6a. cop. reon., 6 (1936). %B. ® Becnanos, ( 
reon., 8, Ne 8—9 (1938). *B.H. Kpectospuukos, JAH, 28, Ne3 (19 
41. CJIu6posBu4, Bioazrt. MONI, org. reon., 22 (5) (1947). 5H. B. JIursesuunos 
Bonp. Teopetuy. 4 mpukn. reonoruu, 2, M., 1947. ® H. B. Jintraunospuy Tp. M 
reowl.-pa3B. HHCT., 24 (1954). * H. B. JiutTeauHuHoBHU4, Cos. reon., cOopx. 52 
8 Pesomoyua Copem. m0 yHubuKanun cTpaTurpaduy. cxeM Jomaneo30a u nameo3soa B 
Kasaxcrana, 1958. ° O. JI. 9 Hop, Uccemegos. no crpaturpad. Kap6oua socr. oKpa 
Ypano-BomxKckou Heprenocn. o6a. (TopH. Bamxupua), 1958. 
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MHHEPAJIOVH fl 


B. Bb. AJIEKCAHJPOB 
KPHCTAJIJIMYECKAA CTPYKTYPA ®EPCMUTA 
(IT pedemaeneno akademuxom H. B. Beanoesim 15 I 1960) 


®epemut (Ca, TR) (Nb, Ti), (O, OH), BnepsBrre Hatigen B Buutnespix ropax 
usyyen 9. M. Bonmregr-Kynunetckxon u T. A. Byposoii (4). 

B Halllem paclopsxeHHH HMeHCb Ba OOpasiia cbepcmuTa, NOsyYeHHbIe OT 
_T. KaOuna: ncepqomopdospi cbepcmuta u KOJtyMOuTa NO MMpOXJOpy 43 KMD 
© 140 u xopomio o6pa30BaHHble KPHCTasIbI d@epemuta uz xusbI Ne 37-A Bur 
eBbIX Trop. MepcmuT u3 MceBgoMopdos oNnTHYeCKN aHH3OTPOMeH M Maer OTUET- 
MBy!0 PeHTreHOrpaMMy MOpoOliKa, OJHAKO BbIAeCHHNE MOHOKPHCTa/bHOrO O6- 
OMKa OKa3aJIOCb HEBO3MOXKHBIM. DepcmuT u3 xusbI Ne 37-A HaxomUuTCA 

3 COCTOAHHH UaCTHYHOrO MeTaMHKTHOTO paciaga. Tem He Menee OuyueHHBIe 
ayorpaMMbI (C HEMHOPOUNCJICHHbIMH MW pa38MbITbIMH OTPaxKeHHAMU) CBHJeTEJIb- 
“TBOBAJIM O TOM, 4TO HCCJIELyeMble 3ePHaA ABJAIOTCA MOHOKpUCcTassamnu. Ilocne 
IpokauBaHuA B Teyenue | vaca mpu 1100° stu 3epHa Ramu YeTKue MaysTpaMMBI 
4 PeHTTeHOrpamMbl Kayanua. J[eOaerpaMMbl HEMCTAMUKTHOYO (bepCMUTAa 3 KU! 
No 140 u mpoKasleHHOTO MeTaMHKTHOYO cbepcmuta u3 xKuIbI Ne 37-A coBeplieHHO 
MICHTHUHEI. OueBufHO, Nocie NpOKasIMBaHNA PepCMUT BOCCTAHABJIMBaeT CBOIO 
MepBOHauaJIbHYy!O CTPyKTypy. 

Ilapamerpbl auelku depcmuta, onpeseseHHbie MO peHTTeHOrpaMMaM Kaua- 
HMA UW YTOUHEHHbIe MO PeHTTeHOrpaMMe NMOpOliKa C BHYTPCHHHM CTaHapToM, 
CHATOH B KamMepe Ooublloro paguyca (2 R = 143 wm), pasubt: ao = 5,718 A; 
bo = 14,91 A; co = 5,221 A. PentrenoscKoe orTnotienue oceli ao: bo: co = 
= 0,3835 : 1 : 0,3502 6nu3Ko K MopdosiornyecKoMy OTHOWeHHIO JIA KpucTas- 
NOB U3 Toro xe O6pasna a:b6:c = 0,382: 1: 0,345. Ucxogza us yaenbuoro 
Beca (4,78) wu MoseKysapHoro Beca (321) ObilIO BLIYHCIEHO, YTO SJIEMeHTAapHas.. 
auelika cogepxuTt (Ca, TR)a (Nb, Ti)s (O, OH)oua. 

Jia MOMyYeHUA PasBePTOK CJIOeBLIX JIMHHH B KamMepe K@OP ucmosp30- 
BaJIOCb H3OMeETPUYHOe 3epHO depemuta oKosI0 0,2 mm B omepeyHnKke. MuTen- 
CHBHOCTH OTPaxKeHHH OMEHUBAJINCb C MOMOMbIO WikaJbI u3 45 MapoK Touep- 
Henua. Benmuunpt F* Opin MOJyUeHb! OObIYHbIM CMOCOOOM C yYeTOM KHHeMaTH~ 
yeCKOrO HM MOMApHsalMOHHOTO daKTopoB. PakTop MOrOWeHHA, BCeLCTBUE- 
HevleaJIbHOH topMbI 3epHa, He MOF ObITb yYTeH, OLHAKO H3OMETPHUHOCTh UM Ma- 
JIbIE PA3MEPbI 3EPHa NO3SBOJIAIOT CUNTATH BIIMAHHE STOO (PaKTOPa HeCYIMLeCTBEHHHIM. 

AnajM3 cucTeMaTuueckuX NoracaHul oOTpaxkeHuli OMHO3HAYHO MPHBOAUT 
kK NpocTpanctTBenHol rpynte Da, — Pran. 

B pesyibTate KpHcTaJvoreoMeTpuyeckoro aHasu3a OblJIO yCTaHOBJIeHO, 
YTO HavOoulee BEPOATHBIMU MOsO%KeHHAMU KaTHOHOB OysyT: 4(Ca, TR)—nHa 
NOBOPOTHEIX OCAX WIM B WeHTpax uHBepcun, a 8 (Nb, Ti)—B oOOULeM NOJIOKeHUH,. 
TaK KaK B IIPOTHBHOM CuJlydae paccTOAHHA Me2xKAY KaTHOHAMM OKa3aJIMCb ObI 
HeonycTHMO Masibimu — menee 1,5 A. ; 

Tpoexunnllatrepcona P(xv) (10 130 HeHy eBbIM OTpa%KeHHAM) A P(ow) (10 97 He- 
HYJICBLIM OTPa2KeHHAM) NOSBOJIHJIM ONpesesuTb koopuna THI atoMos (Nb, Ti) u(Ca, 


TR) .Oxa3asocb, U0 KaTHOHBI Ppynnupy!oTcs BOSH MOCKOCTEH, Ma paJJIeJIbHBIX 
4 1 2 5 
010, wuMeloT KoopsMHaTHly, paBable0, ~ | ie epics Waba Gie MoxHo 


6bIIO |=OxKNTaTS, TO aToMbl O GyyT pacnOwaraTbCA MpHMepHO Mex*KTy 


3 il 
MJIOCKOCTAMH, 3AHATbIMH KaATHOHAMH, T. €. BOJIM3H YpOBHeH Y = aR Te Vals Gy Whe 


4 
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C yyerom ompefevieHHbIX KOOPAMHAaT TAKEIbIX ATOMOB 6biJIM BbIUHCJICH! 
3HaKH CTPYKTYPHbIX aMMIMTYA Freo. [pu 9TOM Moka UCNOJIb30Ba MCh TaOJIM4Hb 
aTOMHbIe (pakTopbl Waa auctTeix Ca u Nb (Tak Kak 9TH 9JIeMeHTbI B cbepcMHT 
pesko npeoOaqaior Hat TR u Ti). CuHtTes 93eKTPOHHOM IMVJIOTHOCTH py, 


NOATBEPAM MpaBMJIbHOCTbh ONpeeseHHA KOOPAUHAT TAKEJbIX ATOMOB. OjuHak 

Ha MPOeCKIMM, MOMHMO MaKCHMyMOB, COOTBETCTBYIOWIMX KaTHOHAaM, HM OKA eMBl 

«KUCOPOJHbIX» MaKCKMYMO 

Ta6Oauna 4 OOHapyXHIHCh H Apyrue 

Suauenus Kosbdunuentos pacxoxumocru RB nponentax  OJIM3KHe WIM a Ke IIpeBOCxX 
sin8 Allwe UX MO BeJIMUHHE. 

. <1,06) TlostopHoe BbluvculeHH 

3HAKOB Fyg ObIIO MPOH3BE 

as | nox |_Han | faa  MeHO C yYeTOM H30MOp(pHBI. 

Fnko*| weex |Pokt *) eceX 3aMeLeHHH KaJIbIMA PeWKY 

ape eeoy ee ok’ Mao semaamu (Ca: TR= 

= 65: 10) 4 HHoOua THTAHO! 


I. Crpyxtypxpie ammuin- (Nb: Ti = 97:10), corgi 
TYAbl paccuMTaHbl m0 HO JlaHHbIM XHMMUECKOT\ 
oe ariel SAS Te ee aHa.mu3a. I]pu 9ToM u3MeHH 


OpAuHaTaM aTOMOB WA IG Be | 40) |) altel 4 


Ul. Ctpyktypaue annum wach 3HakH 12 CTpyKTYPHbE 


TYMBI paccunTaHH! U3 aMIJIHTYA, HW Ha TOJY YEHHO! 
KOOpAMHaT KaTHOHOB MpOeKUHH IJIEKTP OHHOH ILJIOT: 
(Ges yueTa aTOMoB HOCTH Y€TKO BHIABHJMCb JBé 
KMCuOpoja) 23,5 | 28,0 | 22,9 | 26,7 CK mate 

Il. Crpyxtypupie amnuin- ee aE ese) ahs h 
TYMbl PaccuuTaHbl MIA ~—-y OlWH — Cc. See 
CTpyKTypbI depemuta y 42 a Yy 4 
CO CMCMWICHHBIMM aTO- BbICOTbI MOOOUHbIX MaKCH 
MaMH KucTOpoa ND i Pal UL i 277 


MYMOB 3HaUHTeJIbHO CHH3H- 
Jcb (He Goee 50% OT BBI- 
COTbI «KHCJIOPOAHbIX» MaKCHMYMOB). YulyulleHWe KauyeCTBa MpOeKIHH CBHIe- 
TeJIbCTBYe€T B MHOJIb3y alpHOpHOoro NpesnoloxKeHuA OO H30MOpdpu3sMe Ca — TR 
u Nb— Ti B cbepcmnte. 

Tlocuie onpewesienusa 3HaKOB CTPYKTYPHbIX aMIMVJIHTYQ C yu¥eTOM -KOOpIH- 
HaT BC€X aTOMOB OBIJI CHOBa MPOBeJeH CHHTe3 f(xy); MpH ITOM KOOpuHAa- 
Tbl M@KCHMYMOB IIOUTH He U3MeHHJIMCb, OJHAKO BbICOTbI MAaKCHMYMOB, 
COOTBETCTBYIOMIMX ATOMaM KHcJopona c Yaa nse 
UMJHCh HW CTaM Ooulee OM3KHMH [pyr K Apyry; «MUIHMe» MakKCHMyMBI 
MOUTH HCuesJIN. 

KoopAuuatbl Z ATOMOB KHCJIOpOda Obl OMpesemeHb! MO Toc eOBAaTeIbHbIM 
CHHT€3aM 3JIEKTPOHHOH MIOTHOCTH p,,.. HuxKe MpWBefeHbl OKOHUATE/bHBIe 


3HAYeCHHA KOOPTHHAT ATOMOB: 


He€CKOJIbBKO YBeJIH- 


$5 y z 

(Ca, TR) 0,225eea0 0,250 

(Nb, Ti) 0,314 0,165 0,696 
O, 0,097 0,093 0,596 
On 0,438 0,098 0,990 
Orn 0,360 0,242 0,374 


BbrmuHculeHHble H3 OKOHUATeJIbHbIX KOOPHHHAT ATOMOB 3Ha4UCHHA CTPYKTyp- 


HbIX AMMIMTY Fag HW Fox mocie BBe_eHua TeMnepaTypHOrO MHOXKHTeIA 
—0,84 (ae 


e MOK a3a/IM XOPOLIyIO CXOMMMOCTb C COOTBETCTBYIONIMMU SKCHepH- 
MeHTaJIbHBIMH BewHUMHaMH (CM. Tad. |, I). 

Tak kak onpejesleHHe KOOPAMHAaT ATOMOB KHCOpONa B MpHCyTCTBHM TaKHX 
TSKEIBIX aTOMOB, Kak Nb, He Bcera NpHBOAMT K Hal@xKHBIM pesyuIbTaTam, 
Oplia CleaHa NOMbITKa NOKa3aTb, YTO HalieHHble HAMH 3HAYeHHA KOOPAMHAT 
MPHBOMAT K HaHJIyYUeH CXOMMOCTH BBINHCICHHBIX HM 9KCIeEPHMeCHTA/IbHbIX 
670 


HHBIX. C sTOH WembIO ObINH paccuHTaHbl uM COMOCTAaBVIeHbI C 9KCIepHMeHTAaJIb- 
IMH CTPyYKTYPHbIe AMIWINTYIbI Oe3 yueTa, a TaK2%Ke CO CMEILeHHBIMU aTOMaMH 
cnopoa (OblIM B3ATbI KOOPAMHATbI aTOMOB KUCAOpOsa, HalijenHbe Jia 
aymOura(*)). B o60ux CulyyaaX CXOAMMOCTH OKa3aulaCb 3HAUHTeIbHO xyauen, 
M [JIA HaWMeHHbIX HAMM KOOpyMHaT (cM. Tabs. 1). 

TounocTb onpeleseHua MOOKeHH aTomMoB m0 B. K. Batuuiretuy (°) qa 
mero culyaasa cocrapiseT Ar(ca,rry=0,01 A; Arqny,riy=0,005A; Ar, =0,03 A. 

KoopAunannonnpit nowmenp atomop (Nb, Ti) — uckaxKenupiii OKTA9JIp. 
OmMSIP (Ca, TR) — BocbMuBepuimnnuK, npencraBrsaiomuli co6oli Help a- 
JbHEIK CKpyyeHHBI KyO (cM. Ta6u. 2). 

WT AG some DP 
MexaTomHble paccrosHua cTpyKtyppl depcmuta 


(Nb, Ti)-oxtrasyp | (Ca, TR)-nomuapp* 


(Nb, Ti)—O;, 1,73 [Or-Oy, 2, 80/(Ca, TR)N—O, 2,3919,-0,, 2,74 

eto 2 Ore Oy. | 2 Ca) SO et Bo 935 
ee 4 O 19) —_ f , 

(Nb, Ti) — Oy, 2,04 |Or—~Sr 2,93 (Ca, TR\—-Oy, 2,739, 9, 3,45 


(Nb, Ti) —Ojq, 2,05 | Q;—Oyyy —-2,,86 (Ca, TR)—O, 2,4big ot 28h 


Na) 10, /2040903..) Or 04, 22578 ' 

( ) I Il Il O1,—-O7y OD 

(Nb, Ti)—Ojy; 2,38 | Oy—Oyy 2,96 OT=Of, 2574 
: 7 SANE , 
Oyy—Oyy, 2,52 Or 3,14 
iz ONO. = KD gan ae 
) re 19 ter O07, 3,49 


O,,;—O DS) Z a 

I Ill ’ O;;—O7, 3,87 
Opy—Ony 2,87 

Oyy—Op 2,94 


* Tak kak atombl (Ca, TR) pacnooxKeHbl Ha JBOWHbIX NOBOPOTHBIX OCHX, 
YMCIO H€3ABHCHMBIX Me@2KAaTOMHBIX paccTOMHHH coKpaljaetca gna (Ca, TR)N—O 
mo 4 u ana O—O go 9. : 


Ocuosolt crpykKTypbl dbepcmuta aBsimioTca wenouKkn u3 (Nb, Ti)-oKxrasyzpos, 
OCMHAIOWLUXCH pyr ¢ Apyrom mo HaHOomee KOpoTKHM peOpam. LlenouKku 
BITAHYTbI BUOb ock c. CoceqHwe WeNOuKH COeAMHAIOTCA Mexkyy cobol 
epIIMHaMM OKTa2IPpOB B <«IBYXCJIOMHbIeE NakeTbI», NepmeH,MKyJIApHble 
ocu 6 (puc. 1). Llenouku Kaxxyoro «clon» He COeEMMHAIOTCA Apyr C Apyrom He- 
OCPENICTBEHHO, a TOJIbKO Yepes WenoukH coceyHero «cloa». «J ByXcsOlHBIe 
AKETbIY HHOOHEBLIX OKTA3{POB COeAMHAIOTCA MexKAy coboH atomamu (Ca, TR). 
ocequne (Ca, TR)-Momaqpbi uMeror No Ba OOmMxX aTOMa KucOpoga. C OMHuMH 
3 (Nb, Ti)-oKTaaqpoB OHH COWIeHsIOTCA peOpamy, C ApyruMu — BeplliMHaMH. 

CrpyxKtypa cbepcmuta cxogua co cTpyKTypol KomymOura (Fe, Mn) (Nb, Ta).O¢ 
). B kouyMOuTe KaTHOHbI OOONX COPTOB pacHouaraloTca B MOUTH IpaBHJIbHbIX 
<Tagipax. EcrecrseHHo, 4TO yBejHYeHHe MOHHOrO payuyca (Ca, TR) 
) cpaBHenuio c (Fe, Mn) MpHBoguT kK yBeMYeHHIO KOOPAMHAIMOHHOrO yHCUA 
ATHOHOB JLaHHOM rpynmbl B cbepcmuTe u BbISbIBAeT OombIee HCKaxKeHHe (Nb, 
i)-oxTaszpos. Ilostomy, ecu B KOJlyMOuTe MMeeTCA 3HadHTebHOe NpPHOJIH- 
eHve K IWIOTHeLMMel yMakOBKe aTOMOB KHCIOpOLa, B PepCMUTe OTKIOHeHHA 
’ TIVIOTHEMMeH yMakOBKH ropa3lo Oosee 3HaYUTeJIbHbI. 

Crporo ropops, KOopsWHalMoHHbIe ynca atomos (Nb, Ti) B CBa3H ¢ Hepa- 
HCTBOM M@?KATOMHBIX PacCTOAHHH KaTHOH — aHHOH paBHbI 5--(1), a aTOMoB 
a, TR) 6+(2). Takum o6pa30m, no cpaBHeHuioc KOsyMOuTOM, B cbepcmuTe 
3eJIMUMBAeTCA KOOPAMHAWHOHHOe YHCIO JIA HH3KOBAaJICHTHbIX ATOMOB HW YMCHb- 
aeTCA — JIA BbICOKOBaJICHTHBIX. Ecun KOJIYMOUT MpeCcTaBJAeT coOoH TH- 
{UHbIi IBOMHOM OKUCe, TO PeEPCMUT ABJIACTCA COCAMHECHHEM MPOMexXYyTOUHOTO 
a M@*K]Ly CJIOXKH‘IM OKHCJIOM HM COJIbIO rumoreruyueckoH KucmOTH! H,Nb.Og. 
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CTpyKTypHbIM aHasOoroM depcMuTa ABJIACTCA SBKCCHHT CY; | 
(Nb, Ti).O¢, HMeIOLLMH CXOJHbIe MapaMeTpbI AYEHKU A) = 5,56A50, = 14,78 é 
cy = 5,17 A (4), O1m3Kuli ynebHbIM Bec M Ty Ke MpoctTpaHcTBenHy10 rpynny (°) 
PentrenorpamMa nopoulKa mpoKasenxoro mpu 1100° ssKcenuta (nouTH Beery, 
BCTpeyalollleroca B Me€TAMMKTHOM COCTOAHHM) NO pacioO*KeHHlo JIMHUM MM 
OTHOCHTCIBHBIM HHTCHCHBHOCTAM O1M3Ka K PpeHTreHOorpamMe (epcmuTa. 


= 


SS 


= 


SS i) os { 
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Puc. 1. Crpyktypa cdepcmuta B aKcOHOMeTpHH 


Pacnpefeienve BasIeHTHOCTH B CTpyKType tbepcMuTa BeCbMa HepaBHOMepHoe 
Atom QO; cBi3aH c 2 atomamu (Ca, TR) u | atomom (Nb, Ti), u Ha Hero npuxo 
qutca ~ |1/, BameHTHocTel. Oy; cBa3aH Cc 2 (Ca, TR) u2 (Nb, Ti); Ha Hero mpu 
xoqutTca ~ 21/, BasleHTHOCTeH. Oy CBA3aH C 3 aTomamu (Nb, Ti) uw Ha HeM CxO 
aatcn ~ 21/, BasIeHTHOCTH. OTA HepaBHOMePHOCTb YuacCTHYHO KOMMeHCUpyere: 
pasHHleH MexKAaTOMHBIX PpacCTOAHHH KaTHOH — AHHOH, KOTOPHIe B CpeMHEM CO 
CTAaBJIAIOT: ? { 

yaa O, (Nb, Ti) —O=1,73A; (Ca, TR) —O=2,42A 
nan Oy (Nb, Ti) —O=2,01A; (Ca, TR) -O=2,54A 
aan Oy7; (Nb, Ti) —O= 2,424. 


MunumaJibHad KOHUeCHTpalluaA Ha aToMe QO; BaJIeCHTHIX ycuIMH NosBolse’ 
mpeqnoaraTb, 4YTO MMeHHO aTOMbl JaHHOTO MOJIOXKeCHHA MOTYT waCcTHUH 
3aMellaTbcad MOHaMM OH, HaJIMUMe KOTOPHIX B MPHPOHEIX (HENpOKaJIeHHbIX 
oOpasax depcmutTa Mpesmouaraioch panHee APyruMu aBTopamu. 

Bo3MOxKHO, YTO H€paBHOMEPHOCTh B MeKATOMHBIX PaccTOAHMAX M pacmpeE 
AeJIeHUM BaJIeHTHOCTeH B CTpyKType depcmuTa NpuBoLNT K OOulel HeycToHun 
BOCTH 3TOrO MMHEpasa, KOTOPad MpOABJAeTCA B M€TAMMKTHOM pacmiaje. 

Mucrutyt MHHepaJIOrHH, TeOXHMHH HW KDPUCTaJJIOXUMUUN Tloctynusio 


PeWKHX 2JICMeHTOB TEA ITED 
Axkajemuu HaykK CCCP 


UMTMPOBAHHAA JIMTEPATYPA 


13.M. BoumtTeat-Kynaetckaa, T. A. Byposa, JAH, 52, 69 (1946 
2J.H.Sturdivant, Zs. Kristallogr., 75, 88 (1930) (SB, 2, 55). B. K. BattumTeiii 
JKypH. okcm. Teop. dus. 27, 44 (1954). *B. B. Anexcaugpos, WO. A. Mateu xe 
TAH, 124, 179 (1959). ® A. WH. Komxkos, JAH, 126, Ne 3, 641 (1959). 
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Joxrnaye Axkagqemunu nayk CCCP 
1960. Tom 132, Ne 3 


MHHEP AJIOPHA 


-E. C. MAKAPOB u B. H. HBAHOB 


KPUCTAJIJIMYECKAA CTPYKTYPA METAOTEHHTA 
" * €a(UO,),(PO,)>-6HO 7 


(IT pedcmasaeno axademuxom A. II. Bunoepadoetim 28 I 1960) 


B MuHepasioruyeckou sHTepatype (1,2) WMpoko M3BecTHa KpUHCcTaMyecKasi 
pykKTypa Metaotenuta Ca(UOz)2(PO.),-61/, H2O, npegmoxwxeHHaa Betintema 
*). Ha ocHobe aHaJIM3a HHTeHCHBHOCTeH pedeKcos (OQO/) eto 6p1iM ycTaHOBuJe- 
abl KOOPAMHATLI aTOMOB ypanHa. IIpHHuMas M3BeCTHYIO NO APyruM cTpykTypam 
j0caToB TeTp asp uyecky!0 PopMy HOHOB PO; , a TakxKe suHelinyto cbopmy ypa- 
(WIbHBIX NOHOB UO}, Beiintema wawina ocHOBHOM MOTHB CTpyKTYpbI, XOpOUIo 
OPMAaCYIOWHHCA CO CJIOHCTBIM XapaKTepOM ypaHOBbIX CJIKOMOK. OfHakO MHOrve 
SAKHBIC JeTaM CTPyYKTypbl MeTaOTeHHTa OCTaBaJIMCb HeBbIACHeHHBIMH, XOTA 
{MeJIMCb MONBITKH YTOUHHTb STY cTpyKTypy (4). K wHcay HepelieHHEIX BOMpOcoB 
JTHOCHJIMCb MOJIOKEHHA ATOMOB KaJIbIMA, MOJIeKYJI BOALI, a TAK%Ke Me2%KATOMHBIE: 
VACCTOAHHA YpaH — KucOpoOR, cocthop — Kucnopoy Hu Op. 
| IIipupoyubie oOpasibl KpHCTaIIOB MeTaOTeHHTa B BHJe MesKOUelyhuaTx 
arperaTOB 2KeJITO-3eJleHOro WBeTa C COBeplieHHOH cnaHoctTh1o no (001) Opa 
nomyyeHp oT B. 1. Tepacumorcxoro. Beuzy TpyAHOCTH HJeHTHUMUKAaLMH ypaHo- 
BLIX CJIKOMOK MeTaTOpOepHHTHOM IpyNMbl peHTTeHOBCKHMHM MeToyamu (5), Opt 
MpOBeyleH XHMHYeCKHH aHaJlM3 uccJeqyempix oOpasnon (MH. ©. Jfommanopa). 
[lomyueHHbie pe3YJIbTaTbI KaveCTBeHHOrO HM KOJIMYeCTBEHHOrO XHMHYeCKOrO: 
AHAJIH3a OKA3aIHCb B MOJIHOM COOTBETCTBUH C OOWIeEMPHHATOH XUMHYeCKON (op- 
MyJIOH, Ip 3TOM Oplvio HalizeHo, TO Ha | (OpMyYJIbHY!O eMHHULY MpHxo_uTcs 
) MOJIeKyJI BOJIbI. 

Ji PeHTTeHOCTPyKTYpHbIX MCCJIeqOBaHHM OpIM BbIOpaHb! Ba HavOOJee 
‘OBEPIWeHHBIX KpHcTasia: Kpuctana I wmMen PopMy nwiacTHHKH Cc pa3sMepaMu 
),1 x 0,2 x 0,6 mm®; Kpuctana I] umMen urombuaTy!o dopmy c pa3Mepamu 
im < 0,1 X 0,5 me. 

Vs pentrenorpamM BpaliieHua oKovIo HanpaBsieHuli [001] u [100], pentren- 
‘OHHOMeETpHueCKHX pa3BepTOK H W38MepeHHH Ha WudpakTomeTpe Opa onpeje- 
leHa IpHMUTHBHAA TeTparoOHaJIbHad sAyelika c pagsMepamu: a = 6,96-++0,01 A; 
>= 8,40-+0,02 A; c/a = 1,207. 

Bui6op Oonpmel auehku, npeqnoxennpili I. Jlonne u JI. Touneit (°) Ham 
IpecTaBsIAeTCH HeOOOCHOBaHHbIM. 

TlukHOMeTpvuecKH W3MepeHHaA MJIOTHOCTh KpUCTaJJIOB MeTaOTeHuTa (Ha- 
3ecKa <1 r) oKasasacb paBHoli 3,44~0,02 r/cm®, uro WaeT comepwanHue OAHOHK 
bopMyJIbHOM eMMHULUbI B SJIeMeHTapHOM sAyeliKe. 

Vinauuupopanve pa3kepTOK HyJleBoli, NepBoH HM BTOpOH COeBLIX MHHUH 
3pallleHuA OKOWIO HampaBsienua [100] npuBeno kK ceqyloulemy 3aKOHy Moraca- 
ma: Ah + k = 2n + 1, npul = 0. Sto ofHOsHayHO MIpUHBOLUT K MpOCTpaHcTBeH- 
io rpynne D7, = P4/nmm. 

VntencuBHocTu pediieKcOB HYyJIeBOl CJIOeBOM IJIOCKOCTH IIpH BpallleHHu 
PHUcTaa OKOIO HanpapseHua [100] Oni onpefeneHbI Ha AudppakTomeTpe 
YPC-50H aaa o6oux Kpuctanios. [aa Kpuctasia I Opiio usMepeHo 72 pedsek- 
sa (OR/), naa Kpuctanna Il — 56 pedsekcos Ha usyyenun CuK,. 
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Biv rocTpoenbl mpoeKuHh yHKUMH MexkaTOMHbIX BEKTOPOB Ha I1JI0C 
koctb (100). O6a KpucTamia Wal OfMHaKoBble KapTHHb! mpoekunh. M3 oTH. 
MpOeKWWA Obl ONpeyeseHbl KOOPAMHATHI ATOMOB ypaHa, SaHHMAIOULAX MOJC 
menue 2 (c) cz~ 0,108. Mcxoaa u3 STHX KOOPAUHAT Obl onpeseseHb! 3 Hak. 
CTPYKTYPHbIX AaMIWIMTYL MH MOCTPOeHbI NpoeKUHH PyHKILHH 3JIeKTPOHHOH 11J101 
wocTH Ha mMmocKocTb (100) ani KaxkOrO KpucTaJa No pedviekcaM B Mpesema 
o6nactTu Sin 9/r > 0,6. 


Puc. |. IIpoexyua pyHKUHM 9NeKTPOHHOM MMOTHOCTH MeTaOTeHHTAa 
Ha mtocKocTb (100) 
IlocrpoeHHad mMpoekiuMa tbyHKUMH 3eKTPOHHOH MJIOTHOCTH Ha MJIOCKOCT! 
(100) nus Kpuctanaa J mpupegena na puc. |. 
Yerko BbIpaxkenbl MHKU, CooTBeTcTBy1oulMe aTomam U c Becom 380, P c Be 
com 90, ocdbopxbIx KucTOpos0B Oy ¢ Becom 36, Ca c Becom 42 u OHOMY M3 aTO 


MOB YpaHHJIbHOrO KuCOpora O; c Becom 39. Hu3Kkoe 3Hauenue Beca Ka Kalb 
WMA COOTBETCTBYeT CTATHCTHYCCKOMY HAXOMKMCHHIO OAHOFO ATOMA KaJIbIMA } 
ABYKPaTHOM NosowKenuH 2(c). C wembio ONpeseseHHA WM YTOUHEHHA KOOPAMHAa’ 
APYTuX aTOMOB ObIIH NOCTPOeHb! MpOeKIMM PasHOCTHBIX yHkuui Ilatrepcon: 
HW 9JIEKTPOHHOM MJIOTHOCTH C BbIJIeETOM BKJIaOB ATOMOB ypana (Ia KpucTania I) 
IIpuBenenne 9kcNepuMeHTaJIbHbIX CTPYKTYPHBIX AMIWIMTYA K aOcOUOTHOM WKad 


MpOusBoquNOCh MeToqOM Busbcona—Xapxepa (’,°). ua Kpucranna | Opi 
1 i ? 
onpeyeenbl cylelyioulMe apamerpbl mpuBenenua: K) Stee hae 1,6; 
iw , BY = 0,8. Onpeemenue aOcoJOTHbIX 3HaueHHt 
| 

Fxcn MpOH3BOAHIOCb MO dopmyue: 


r 


sin 0 
F ao LO ese B a 
SCH ae a. °é : 


Ha pasHocTuol NpoekunH d@yHKUMU 2IeKTpOHHOL MoTHOcTH (puc. 2) verK 
MIPpOABHJIMCb IMKH, COOTBETCTBYIOULMe MOJIeKyIaM H,O u BTOpoMy ypaHHJIbHOMY 


Kucnopomy O;. Hanwuve Ha Mecre ypaHa pagqpoeHHoro muka, COOTBETCTBY 10 
wero aTOMaM KUCMOpPOMa U3 TeTparsqpuyecKkoro OKpyxeHHA thocdopa (OHU OI 
Hbl IPpOCKTHPOBaTbCA B OHY TOUKY), MOXKHO, MO-BHAMMOMY, OObBACHUTb Kak 
pes3yJIbTaT HETOUHOCTeH B OMpeeeHHH 3HAKOB Pa3HOCTHBIX CTPyKTYPHBIX (ak 
TOPOB (F'3xcy — Fy) pH NocTpoeHuu Mpoekuuu. 

Tloapuenue muka Ne 1, KoTOppi MpucyTcTBOBaT MW Ha OObIMHDIX MpoeKUNAD 
Wid OOOHX KPUCTAaJJIOB, HAMM He ODIO OObACHEHO. 

AnaJM3 pa3HOcTHEIX MpoeKkuni dbyHkunu Ilarrepcona u s7eKTPOHHOM MOT 
HOCTH ]laJI BO3MOXKHOCTb YTOUHUTb MOOXKCHHA ATOMOB B CTpyKType MerTaoTe 


674 


quia Kpuctasaa II: Ki = 


Ta. B cooTpercTsuH c mpocrpancrBesHoh rpynnol Dj, = P4/nmm OpiJ10 
WeHO Cueqyroulee pacmouOx*KeHHe aTOMOB: 


aparoma Up) 2: (c): 2= 0,406" 

2 atoma ©; i A (@E 20, B43" 

2 aToma OF Bean (C) 205898: 

2 aroma P_ 8 2 (a); 

8 atomos O), B 8 (i): x = 0,584, z = 0,106; 

1 arom Ca crarucruyecku B 2 (c): z= 0,612; 

6 monexya H;O cratucruyecku B 8 (j): x = 0,486; z= 0,392. 


I]pu nocrpoennu OObITHBIX MpoOeKIMi BU3MepeHHble HHTCHCHBHOCTH BBOMMIMCb 
mpaBkih Ha qaktop Jlopenua u nomspusanuonnpi. TIpu mocrpoesunu 


Ww) AV) ue “AND a 
-, ; 


y 
¢ 
7 
{ 
\ 
aw 7 
y Ca 
4 wy 


H,0 


Puc. 2. TIpoekyva pasHOCTHOW (yHKUMM 9seKTPOHHOM MOTHOCTH 
Ha mocKocTb (100), moctpoeHHad M0 3HayeHHaM eet) 


a3HOCTHBIX MpoeKUMH YUHTbIBaJICA elle H TeMilepaTypHbI daktop. [lornoute- 
4@ HE YUHTbIBAIOCb — WM 9TO OCHOBHOH HefocTaToK lIpH paOoTe c ypauHo- 
IMM CJHOJKaMU, TaK KaK MOJYYHTh CiepHyecKuH KpHCTaJJIMK He yaeTcs. 

D(F F 


akc ~* Teop ) 


2 (E oxen) 
im F(OR/) qua oOOonX KpHCTaloB Nomyynsca papubim 0,148. 
Paspes cTpykTypbl MeTaoTenuta Mo mockoctu (110) mpegcrapuieH Ha puc. 3. 
Ucxona 43 HalieHHbIx MOOKeHHH aTOMOB, ObLIM OMpeseeHbl Culeqyroulne 
SKATOMHbIE paccTOAHHA: 


aKTOP HemocToBepHoctH R= , MOACUMTAHHDIN 10 75 3Haye- 


U=0;, =1/994, O[—4H,O = 2,36A, 
U—O; =1,79A, O;—0;, =3,06A, 
U=407, = 2,324, O}j—4H,O =3,53A, 
P= 4Or A AT, O}—Oy, . = 4,354, 
Oy; —O;,; =2,314, Ch at Sees 
H,O—H,O= 1,83A, CF SOR ORs 


HeoOxoquMo OTMeTHTb HepaBHOMeWHOCTS ypaHuJbHOH rpynnp: U — Oy = 
1,99 A uw U—O, = 1,79 A. 310 MoxHo OObACHUTh TeM, 4TO Oj CHMbHee 
43aH C OKPY2KaloUl4MM MOJIekyJIaMH BOLI HM aTOMaMM KUCIOpoa bocpaTHon 
yoni, vem O; (9TO BUHO u3 TAaOHI[bl Me2KaTOMHBIX paccTosHHii). Mure- 
CHO OTMETHTh TaKKe aHOMAJIbHO KOpoTKoe pacctosnHe H,O — H,O = 1,84 Ae 
0 HalieHo TakxKe B CTpyKType MetaTopOepHuta (°), 
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[loulyyeHuble 3HaYeHHA M@XATOMHDIX paCCTOAHHH B CTPyKTy pe MeTaOTeHuT. 
Obl pacCMOTpeHbl HaMM C TOUKH 3peHHA SMIIMpHYeCKOH 3aKOHOMCPHOCT! 
3axapwaceHa © COOTHOWeHMH MexAy AanHamu cBa3sH («bond length» 
H cHviamu cBa3u («bond strength») q1 ypanuacofepxKamux crpyKtyp (7°, ™) 

Bo3MOXHbI [Be TpaKTOBKH BaJIeHTHOrO COCTOAHHA ypaHa B CTpykKTyp 
MeTAOTeHHTA. 

1. Ucxona u3 WaATHBasleHTHOrO CocToAHUA cbocdopa P** u AByXBaJIeHTHOT' 
cocTOAHHA Kucopona Oj; , nonyyaem cnay cBa3sH U—Oy= 0,75. CyMM 
YeTbIPeX TaKUX BTOPHUHbIX cBA3eH Oy eT 
0,75 x 4=3. Paccroanuio U—O,= 
=1,99 A coorsercrByeT, mo 3axapuace 
ay,cusa cpasu 1,12. Paccrorune U — O[= 


= 1,79 A naert cuny cpa3u 1,60. Taku 
o6pa30M, CYMMa BCeX CHI CBA3H aTOMO 
ypaHa C aTOMaMH KHCJIOpofa cocTaBAe 
3-+1,12-+ 1,60 = 5,72, uro' rpy6o com 
BETCTBY€T IleCTHBaJICHTHOMY COCTOAHHE 
ypaHa. Cuula CBA3HM aTOMOB KaJIbUWA 
aTOMaMH y PaHHWJIbHBIX KMCJIOpoo! 
_ 0,88 + 0,40 = 1,28 npumepHo cooTBeTc1 
ByeT CTATHCTHYeCKOMY paciipeseseHHio OD 
Horo aToMa Ca** B JByKpaTHOM MOJIOKE 
Huu 2(c). B sTOM cyYae KPHCTaJJIOXH 
mMuyeckasd (pOpMyJia MeTaoTeHuTa OyjeT: 


Cat") (UOE" Ja (PO8z) 3 6H... 


@u C )o er Yu, 


Puc. 3. Pa3pe3 crpyKTypbl MeTaoTeHuta 
mo mamocKoctu (110) 


2. Ucxoasa v3 9KCnepuMeHTambHOrO 3Hé 
ueHHA wunEI cBasn U—Oy= 2,328 
HaXOQMM (10 SaxapuaceHy), YTO CHa STOM CBA3H paBHa 0,60. Torna cyMM 
BCX CHJI CBASH ATOMOB ypaHa C aTOMaMH KuCJOpoga OyfeTt 0,60 x 4+ 1,124 
+ 1,60 = 5,12, aro cooTBeTcTByeT NATHBasIeHTHOMYy cocTOsHUIO ypaHa. Hene 
CTaTOK HOJIOXKUTeCJIbHbIX 3apAJOB B CTPyKType MOxeT ObITb KOMMeHCHPOBAa 
MOHaMM ruypoKconus H;O0°. B stom culyyae KpHcTamOxXuMMYecKan (opMyw 
MeTaOTeHHTa OyjeT: } 


ae ap at 3— 
Ga" (H5O” ) 7(UO, yy (POF )g-4H,0. | 


IIpaHocum OnarogapHocth K. WM. To6enko 3a momomb B pa6oTe u o6cy x 
ACHE pesyJIbTATOB. 
MucTuTyT reoxXHMHN WM anaMTMueckoli xHMHH Tocrynuso 

um. B. HW. Bepxaycxoro 19 I 1960! 
Axkajemuu HaykK CCCP | 
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Aoxnxaynn Akagemuu nayx CCCP 
1960. Tom 132, N 3 


METPOrPA®H A 


MW. Bb. BOJIKOBA 


OB OCTATKAX JIMCTOBOH NAPEHXHMbI B HW)KHEME3030NCKUX 
YPJIAX KASAXCTAHA 


(II pedcmaeaeno axademuxom JI. B. Haauexunoim 25 I 1960) 


Ms3yyenve anaTOMM4eCKOH MpHHaqexKHOCTH HW OOTaHMYeCKOrO COCcTaBa HC- 
/XOMHOrO PpaCTHTeJbHOrO MaTepHadla yrvieH ABJIAeCTCH MHTepeCHOH M BaxKHOH 
'B IipaKTH¥eCKOM OTHOUIeCHHH 3aauel, BXOLAWeH B OOWLyIO NpoOsemy reHe3suca 
KaycTOOuOuNTOB. TpyHOCTb pelieHHa STOH 3aqauH cBa3aHa, C OHO CTOPOHH, 
 NOXOM COXPaHHOCTbIO PaCTHTEJIbHbIX OCTATKOB B yIJIAX, ac pyro — c He- 
MOcTaTOUHOH paspaOoTaHHOCTbiO aHaTOMHHM UCKOMaeMbIX pacTenul. Jlo cux 
‘Hop HavOoulee ycnewiHOMy OMpeseyeHvio NOWaBasiMcb CpaBHUTebHO CTOMKHe 
wacTH pacTeHHH: MblWIblla, CMOpbl, KYTHKyJla, MpOBOAAMIMe SIeMeHTHI, ZpeBe- 
cuHa uw T. 1. Menee xe CTOHKHe PaCTHTeJIbHbIc TKAHH, NOMBepraloulueca CHJIb- 
-HOMY pa3JIOXKeHHIO, IpeACTAaBJAIOT 3HAUHTeIbHbIC TPYAHOCTH JIA WMarHOCTHKH 
HW onMcanua. OfHaKO COBePUIeHCTBOBaHHe MeTOAUKH M3FOTOBJICHHA YIOJIbHbIX 
lipellapaTos, B JaHHOM CJlyyae TOHKUX WIHOB, HW JeTasIbHoe MCCJIeEMOBaHHe aHa- 
TOMMUYECKOTO CTPOCHHA PACTHTEJIbHbIX OCTATKOB B NOCJeqHHe FOAbI NO3BOMIM 
BbIeIHTb cpequ reJMpuUMpOBaHHbIX TKaHeH rpylmNy MapeHXMMHbIX KOMIOHEH- 
TOB — NapeHxuTos (1). C ycTaHOBJeHHeM 2TOH rpylbl KOMNOHEHTOB BO3HUKIA 
HEOOXOJHMOCTb BbIACHEHHA UX POJIM B COCTaBe HCXOMHOFO MaTepHada YFOJIbHbIX 
MacTOB HW BIIMAHHA UX Ha KayeCcTBO yruleH. 

SaHumasch c 1956 r. u3yyeHHeM yrvieH HH2KHEMe3030HCKUX MecTOpOxTeHHH 
KasaxctTaHa *, aBTop oOpaTuJI BHHMaHHe Ha WMpoKoe pacnpocrpaHenue B HUX 
OCTATKOB MapeHXHMHbIX TKAHeH, HEPeAKO HIpaloulUx MNacTOOOpasyt0lly!0 POvlb. 
Bowpuioe yuacTHe NapeHXMMHbIX, B YaCTHOCTH JIMCTOBbIX, TKaHeM B HCXOJHOM 
MaTepliasie HMKHEMe3O30HCKHX yrvie COCTABJIAeT OMHY U3 XAPAKTePHbIX HX OCO- 
OeHHOCTeli H CBA3AHO C ONpeeJICHHbIM THIIOM yruieHakonuenna (?). B nacroausen 
cTaTbe JaeTCH KpaTKad XapaKTepHCTHUKa MapeHXHMHbIX KOMIIOHCHTOB HHKHE- 
Me30301MCKHX yruieHt Ka3axcTaHa M paCCMaTpHBalOTCaA YCIOBHA UX HaXOKJeHUA 
WM 3AKOHOMePHOCTH paCpocTpaHeHHA B YIFOJIbHbIX WacTaxX H3y4eHHbIX MeCTO- 
pomwjenui. B 3aKm0ueHNe NPMBOAATCA NpeLBapHTe/bHbIe WaHHbIe O BMAHMU 
9THX KOMMOHCHTOB Ha KaueCTBeHHY!O XapaKTepHCTHKy yrulel. 

OctaTkH MapeHXMMHBIX TKaHeM B HMCCJIEJOBaHHbIX yIvIAxX MO THY cBoero 
IIpeBpallleHHA OTHOCATCA B OCHOBHOM K rpylle resMPUWMpOBaHHBIX KOMIIOHEH- 
Tos. CyfA MO MHKPOCKOUMYeCKHM IIpH3HakaM: OOUIMM O¥epTaHuAM, WeTasAim 
CTPpOCHHA WM OKalMJICHHOCTH KYTHKYyJIOH — OOJIbUIMHCTBO MapeHXHMHbIX KOM- 
NOHCHTOB HCCJI@MOBaHHBIX yrsel OOpa30Ba0cb 3 JIMCTOBOM MapeHXuMbl. 
OjlHakO He MCKJIOYCHA BO3MOXKHOCTH, YTO YaCTb HX NPOM3OMWWAa U3 TOHKHX Tpa- 
BAHHCTHIX CTeOIeH WH MeIKUX BeTOK pacTeHul. DioseHusHpoBaHHble u Cabo Cpro- 
3CHH3HPOBaHHble WapeHXMMHbIe KOMMOHEHTHI IpescTaBlAroT COON cpaBHUTeJIb- 
HO pe{Koe ABJICHHE B YOJIbHBIX MuacTax. Mcxoy_a u3 JIMTepaTyPHBIX JaHHBIX, 4 
TAKKe Pe3yJbTaTOB MPOBeLEHHbIX ABTOPOM HCCeCIOBaHHU, MOMKHO Mpesnoso- 


* B reyenne 1956—1959 rr. apropom nmpoBoAuocb meTporpaduyueckoe u3yyeHHe yruen 
MecTopoxKeHuit Gacceiina pp. Ypasa u Vinexa, OpcKoro OypoyroubHoro OacceliHa, My6oBcKoli 
cputsl KaparaHguuckoro Oaccelina, Kexgepsbikckoro AaakyJIbCKOro MeCTOpoxKeHuit. 


677 


X%KHTb, UTO MapeCHXMMHble JIMCTOBbIE TKAHM MOWBeprawTcA TeM Ke Mpolwecca 
lpeppailenua (remmpukaunu vu diosenu3saunu), YTO cTeOJIeBble WaCTH pacte 
HHH. Ho BeposTHo BcuegqcTBHe CBOerO PbIXJIOrO CTPOeCHHA HM XPyNKOCTH Mp 
CHJIbHOM OKHCJICHHH OHM JerKO paspyllalwoTcA, He COXpaHAACh B Buse ONpene 
JIMMBIX (parMenTOB. Bo3MO%KHO, B 9TOM CJy4¥ae OHM YUACTBYIOT B COCTaBe CeM 
(pioseHO- HW (pioseHOaTTpHTa. 

Vicceqopanve WapeHXHMHbIX KOMMOHEHTOB yrsielt HanOoulee emecooOpa: 
HO MpOBOJUTb B TOHKHX JBYCTOPOHHE-NOJIMpOBaHHbIX WWIMpax B MpOcToM Mpc 
XOJAULEM CBeTe, KOra BIMOJIHe OTUCTJIMBO BUAHbI BCe JeTaIH UX PaCTHTeIbHO 
cTpyktyppbi (puc. 1, 244). MUcnoub30BaHne MOAPM3OBaHHOrO CBeTa IPH 3TO. 
MOET CHOCOGCTBOBaTb GouIee YETKOMY BbIABJICHHIO KOHTYPOB OTJCJIbHBIX JIMC 
TOBBIX ()parMeHTOB. OAHaKO XapakTep MepBOHAYaIbHOrO AHATOMUYECKOTLO CTPOE 
HUA Wape€HXHMHBIX TKaHeH B CKPeUCHHbIX HAKOJIAX HECKOJIbKO 3aTYWeBbIBaeTC 
B CBA3H C NIpOABJeHHeM B HUX CBOeOOpa3sHOK CeTUATOH NOMApHsauuU. OcTaTkK 
JIMCTOBOM MapeHXHMbI MOXKHO H3Y4aTb TAKKe B OTPayKCHHOM CBeTe Ha anna 
C MIPHMeHeHHeM MaCJIAHOH MMMepCHH; XOpOllel usOCTpalMeH STOMY CJLyY KM 
puc. 3 .(°). 

B mpoctom mpoxogsilem cBeTe WapeHXHMHbI€ KOMMOHEHTbI HH3KOMeTA 
MOpcv30BaHHBIX yrueH MMeIOT KpaCHbI HM OpaHxKeBO-KpaCHbIM WBeT; NO BeAH 
UHHE HM OYePTAHHAM OHM JOBOJIbHO pasHOOOpasHb!. OcTaTKH JIMCTOBOM Mapex 
XHMBI B BEPTHKAJIbHbIX WINax OObITHO peACTaBJICHbI OBAJIbHBIMH WJM CHJIbHt 
BbITAHYTHIMH TO HaCOeHHIO (parMeHTaMu, WpoTsxKeHuem oT 0,5 Wo 4,5 MM 
HepelKO C XapaKTepHbIMM 3aOCTPeHHbIMH Kpasmu (pune. 2 u 4). Ilpu HenosHON 
OCTYHEBAHHHM OHH COCTOAT M3 CKOMJICHHA YCTKO OYCPYCHHbIX OKPYTVIbIX KOMOD 
KOB, PaCMOJIORKeHHE KOTOPHIX Oovlee WIM MeHee OTYETJUBO BOCMPOM3BOLUT ep 
BOHAYaJIbHOe aHaTOMUYeCKOe CTpOeHHe NapeHXHMHOM TKaHH. MHorga BHYTPI 
JIMCTOBOM IwlaCTHHKH MOMKHO 3aMeTHTb CJIeAbl NPOBOAAWMX QJIEMeHTOB, %KeJI 
TbI€ BKJIIOUCHHA CMOJIbI WJIH OpaHKeBble CMOJONOAOOHbIe OOpasoBanua. Llespr 
(bparMeHTbI JIMCTbeB, KaK IIpaBHJIO, OKPyKeHbI CBETJIO-KENTOH MOJOCKOH KYTH 
Kyl. [lo cremeHH COxXpaHHOCTH aHaTOMM4eCKOM CTpyKTypbl BCTpeualomnecs 
B yIJIAX Nape€HXHMHbI€ KOMIOHEHTH! NoOpasl@etAtoTca Ha ca6o OCTYHeBIIM 
C JOBOJIbHO OTYETJMBEIM KJICTOUHBIM CTpoeHvem — B-MapeHXuTbl (puc. | u 2) — 
M CHJIbHO OCTyHeEBIIMe C EBA 3AMeTHOH PaCTHTeJIbHOM CTpyKTYPOH WIM COBep 
WeHHO OeccTpyKTypHple — A-napenxutp (puc. 4). Tlapeuxumubie KOMNOHEH 
Tbl C OUCHb OTUETIMBbIM KJICETOUHIM CTPOeCHHeM (G-lapeHXHTbI) B WwlacTaxX H3y 
YeEHHbIX MeCTOPOXKMeHHH WpakTHuecKH OTcyTcTByIOoT. Kpome dparmMeHTapHbe 
OCTaTKOB JIMCTOBOM MapeHXVMbI, B yIvIAX OTMeUAaeTCA ATTPHT, COPazs0BaBUHe: 
B pe3yJbTaTe paciaqeHua NapeHXMMHbIX TKaHeH. [lapeHxc-aTTPHT COCTONT U 
M@JIKUX OouIee WIM MeHee YeTKO OGOCOGJEHHBIX OKPYTJIbIX KOMOUKOB, BeMUN 
HOH Meee 0,01 mm (puc. 1 u 2). OTH KoMouKH, JaxKe Ip 3HayHTeMbHOM OCTYZ 
H€BaHHH, COXPaHAIOT XapakTepHble JIA HUX OUeEPTAHHA, He CIMBAACh C OKPY 
*KalolleH MX PacTHTebHOM MaccoH, YTO, HaIIpUMep, XOPOIO BUAHO B BepXHel 
yacTu puc. l. 

B TaOn. 1 MpHBOLATCA pesyJIbTaTbI NOACYETOB MAKPOKOMMOHEHTOB B THIMA! 
yreH pala HWxKHeMesOsOHCKUX MecTOpoxKseHuH Kasaxcrana. Tlogcuern mpc 
BOJMIHCb B TOHKHX IWHax, B MpOCTOM Npoxofallem cBeTe pH yBenvdeHH 
400—500. IIpusegenupie B Ta6. 1 MomtHOcTH c0eB, O6pasyeMEIX TEM HU 
MHbIM THIIOM, M CyYMMapHOe yuacTHe KaxKOrO TUNA yria B MlacTax awrT mpez 
cTaBleHHe O IlacTOOOpasyiomleH poOuM yruieH C MOBBIWIeHHBIM cOsepxKanuel 
MapeCHXMMHbIX KOMMOHEHTOB. M3 TaOMUbI BHAHO, ¥YTO HaMOombIlIMa MporeHn 
OCTaTKOB JIMCTOBOH MapeHXMMbI COMepxKUTCH B HWKHEIOPCKUX yruiax Kaparat 
MMHCKOrO Oaccelina nu AwlakyJbcKoro MecTopoxjenua. Betpeyaiulueca B HM 
Mape€HXUMHbI€ KOMMOHEHTHI MpeLCTaBJeHbl (PparMeHTaMu pasJMGHOM BeENHUMHb 
C MOBOJbHO OTUYETJIMBbIM KOMKOBAaTHIM CTpOeHHeM (8-llapeHXUTbI) H OTUACT 
MapeHxo-aTTputom (puc. | uw 2). Bricoxoe coxepxKanue CHbHO OCTYAHeEBLIM 
OcTaTKOB JiMcTbeB (A-lapeHxuTOB) XapaKTepHO JJId BepXHeTPHaCOBbIX yruie 
Keuyepsbikckoro Mecropoxjenna (puc. 4). Menburyio pomb napeHXHMHBIe Koy 
MNOHEHTHI HrpaoT B CpemHelopcKuX yraax Conb-Nnenkoro mectopoxgenna, 
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Puc, 1. [Ba mucroBbix ocTaTKa C OTUYeTJIHBbIM KOMKOBaTbIM CTpOeHHeM MapeH- 
XHMbI ((POTO BHH3Y); Ha HHMH OGOCOOJeHHBIE KOMOUKH MapeHXxO-aTTpuTa, 
KaparaHauHcKuh Oacceliv; AyOoscKan cButa. 110 x 


Puc. 2. OparmenTapuple ocTaTKy JIH- Puce. 3. Paspe3 xBOHHKH, OKpyxXeHHOH 
CTOBOH MapeHXMMbI, OKaHMJeHHBIe TeMHOM NMOMOCKOH KYTHKYJbI, BHYTPH 
KyTHKysOH, CpeqH MapeHXO-aTTpuTa.  JIMCTa BHJHbI CepOBaTO-4epHbIe BKVIIOUe- 
AnakymbcKoe Mectopoxgenne. 110 X Hua cmombI. 280 x. IIo M Tetxmtonnep 


(®) 


Puc. 4. Yromb, cocTosmuh 3 y3KUX, BLITAHYTBIX MO HaCMOeHHIO OecCTPyKTy pHbIX 
OcTaTKOB sIMcTbeB. KeHyepsbIKCKOe MecTOpOwKAeHHe; TONOrOKCKaA CBHTA, 90 x 


AAH, 7. 132, Ne 3, Bonkopa 


Taoauma 1 
CofepxaHve OCTaTKOB JMCTOBOH TapeHXHMbI B HW AKHeMe3s030NCKUX yruax Kagaxcrana 


CoctaB Tuna yraa 
(2) ’ 1 
Mecropox qenue Tum KjapeHoBbIx yraeti a 5 = 3 6 MouyHocts ee 
(Gacceitn) c MapeHXHMHbIMH = a = s a a cmloeB THla Tuna yraa 
KOMNOHeHTAMHU es s RS 2 Som yraa, M B Mulactax,% 
ee |2e88| os 
ox Onna a0 
au novo S eye, 
(ypalacalickoe, Tlony6necramunu Hesc-| 89 48 14 0,05—0, 10 no 30 
BepXHuH Tpuac HOMOMIOCUATEIH 
Tlomy6ectamul TOHKO-| 79 42 21 0,05—0,15 
nomocyatT bit 
CHWepJIbIKCKOE , Ilony6uectamui rycto-| 91 70 9 | 0,140—0,80 
BepXHHH Tpuac IITPHXOBATHIN 
(Bo3sMOxKHO pat- |IlomyOnecranjHi TOHKO-| 83 on ‘LF 0,10—1,00 30—50 
mevac) TomocuaTEli 
[lony6necranui uirpu-| 91 36 9 | 0,10—1,00 
XOBATHIU 
WakyJbcKoe, HuxK-|BurecTtauuu momocuaTp| 91 76 8) 0,15—0,30 no 30 
| HAA 1opa Tloay6necraumli monoc- 82 35 18 0, 10—0,80 35—45 
yaTblit 
Kaparanzunckuii [lomyMatToBpli wTpuxo-| 90 48 10 0,05—1 ,00 mo 50 
6acceHH, HMKHAA| BaTbIli 
jopa (qyOonckan |Ilony6mectamjuu ToHKo-| 90 78 10 | 0,05—1,00 
| CBHTAa) WTP XoOBaTHlit 20—40 
Ilony6nectauyui mrpu-| 90 34 10 |) 0, 40—1 00 
XOBAaTHIM 
Comb-Mneukoe, Wlony6mectamuk sHu- 80 32 20 0,05—0,15 no 30 
 cpemHas ropa 30BU JHONOMOCUAaTHIL 
Opekul Gaccettu, |[lonymarospiit mTpuxo-| 86 14 14 | 0,05—0,40 | no 10—15 
cpeqHAA topa BaTblit 


OCcOO6eCHHO HEBEIHKO UX yuacTue B Ivlactax OpcKoro OypoyrovibHoro Oaccelina. 
B 9TOM paioHe pe3ko MpeoGsamaloT KCHJICHO-(PIOZeCHOBbIC YIM; OCTATKH JIMC- 
TOBOH MapeHXHMbI 3/eCb BCTPeUaIOTCA JIMMb B OTACbHbIX TOHKHX COAX 30JIb- 
HBIX KJIAPCHOBbIX ye, HMeIOWMX MOAWHeHHOe 3HayeHHe. B oTmMUHE OT Oovee 
IpeCBHUX HMKHEMe3030HCKHX TWvwaCTOB, B YYIOJIbHbIX TwlacTaxX CpeHeropCcKUXx. 
MECTOPOXKMeHHH Wape€HXHMHBIe€ KOMIIOHCHTHI HEPeAKO MpeNCTaBJeHbI TOBOJIbHO 
KPYUHbIMH (bparMeHTaMH C XapaKTePHbIM 3allOJIHeEHHeM MOJOCTeH KJIeETOK 2*Ke~ 
TRIM BeULeCTBOM, THMa CMOJIbI (Y-lapeHXHTHI). 

OTMeyeHHbIe pa3sJIMUHA B KOJIMYCCTBEHHOM COJepKaHHU JIMCTOBDIX NWapeH- 
XMMHbIX TKaHeH B MCXOJHOM MaTepHasle H3Y4CHHbIX Pa3HOBO3PaCTHBIX yruieH, 
BO3MOXKHO, CBAZAHbI C H3MCHCHHAMH PACTHTeENbHOCTH OT BepXHero Tpuaca K 
cpeyHel rope. OHakO ONpemesmmloulee 3HaYeHHE 3eCb MPHHALMEKUT yCOBMAM, 
Ip KOTOPbIX IO HaKOMJIeHue, paslowKeHHe M Mpeppalllenwve MaTepHHCKOro 
BeUleCTBA YFOJIbHbIX TlacroB. Kacaacb BOOOUIe BO3MOXXHOCTH COXpaHeHHA B 
HCKOINaeMOM COCTOAHHM H@KHbIX NapeCHXMMHbIX KJICTOK JIMCTbeB, MOXKHO Tipeg- 
MOJIOXKUTb, YTO 9TO CBA3AHO C HEKOTOPbIM CBOeEOOpasHeM HX XHMHYECKOFO CO- 
CTaBa i HaJIMUHeM B HUX CMOJOMOJOOHDIX H J PyrHX CXOJHbIX C HHMM BeLlecTB, 
MpeMATCTBYIOWMX UX ObIcTpomy pasvloxKenn1o. BrickasaHHoe Mpezmoso*weHve 
Tem Goulee BEPpOATHO, YTO OOJIbIIMHCTBO HSYYeHHbIX OCTATKOB JIMCTOBOM NapeH~ 
XUMBbI, Cyf Mo pasmepam cparMeHTOB HM MX MOpOOrHyecKOMy CTpoeHHH, 
MIpvHaexkuT K XBOMHbIM pacteHusimM. Maccopoe CKONJeHHe MW COXpaHeHHe Ma- 
PCHXMMHBIX TKaHeH B yrJIAX BEPXHETPMACOBbIX HM HWKHCIOPCKHX MeCTOPORe- 
HUM C KapeHOBbIM THIIOM yrsleoOpasoBanuaA OOYCJOBIeHO TakxKe mpeobsala- 
HHeM 3)[eCb aHaspOOHbIX MpoueccoB MpeppallleHusl OPraHWyecKOrO BelllecTBa 
B OOCTAHOBKe CHJIbHO OGBOAHEHHBIX 3aCTOMHBIX OoOT. KeTatu, cileqyeT 3ame- 
TUTb, YTO HapeHXHMa XOpoOllelH COXpaHHOCTH ocoOe€HHO YacTO BCTpeuaeTcaA B 
YIiAX C IPMMeCbIO BOMOPOCMeH, T. €. B YPIAX 03ep HO-OOJIOTHOTO MIpOuCcxOx*KTeHHA. 
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B cpequepckux oToxwKenuax Kasaxctrana, re WMpOKO pasBHTbI Npolec: 
(POSCHH3aILHH HJM CHJIbHOrO OKMCJIeHHA HWCXOWHOTO MaTepHvasa yrueH, po 
lap€HXHMHBIX KOMHOHEHTOB B IlacCTOOOpas0BaHH 3aMeTHO CHM KAeTCH, CKOP 
Bcero 3a CUeT paspyllleHHA UX B YCIOBMAX CyOaspoOHOK cpefbl. HaOmogaror 
H He€KOTOPHIe OTMEYEHHbI€ BbIWe CTPYKTYPHbIe Pas/IMYMA MeKLy NapeHXuTal 
poT-JeHacoBbIX WH CpeqHeEIOpCKHX MecTOpo*Kenuu Kasaxctana. | 

Cy lo MpeqBapuTebHBIM JAHHbIM, MapeCHXMMHbIe KOMIOHEHTHI OKa3bIBak 
onpeqeeHHoe BIIMAHMe Ha XHMHUeCKHeE CBONCTBAa yruieH. Tak XMMUKO-NeTPOrp 
tpuyeckoe uccmeqoBanue yruel MaiixwoGencKoro Oaccelina, npopeyenuoe H. | 
Kppitopoi u O. A. Pagyenko noka3as0, 4TO yrviM c MpeoOaqanuem OCTaTK 
JMCTOBOH TapeHXMMbI MO CpaBHEHH!0 C KJlapeHOBbIMA YIAMH [PeBECHHHO; 
MIPOHCXOX%KJCHUA UMEIOT NOBbILIEHHBI€ 3HaYeHHA BOMOpoMa, BbIXOJa NeTY4) 
BeleCTB HW COfep2%KaHUA PACTBOPUMBIX B OPraHMYeCKUX PaCTBOPUTeNAX KOMI 
HeHTOB. B. B. KamuHenko, u3yuaa wopcKue yruiu TyBbl, yCTaHOBHJl, 4YTO rer 
(PHUMPOBAaHHble JIMCTOBbIC TKAHM VIpaloT OCOOYIO POJlb B YBEMYeHHHM MOKa3zal 
Jie TeEXHHYeCKOrO aHasu3a yrsel U B NOBbIWeHHM UX CHeKaemocTH (4). Taki 
o6pa30M, H3y4eHHe OCTATKOB NapeHXUMHBIX TKaHeH B YIIAX MOMKET CnOcoOCTE 
BaTb He TOJIbKO PeWIeHHIO FeHeETHYCCKHX BOMPOCOB, HO TaK2xKe UH BbIACHEHHIO 3 


BHCMMOCTH KayecTBa yrseH OT HX HCXOAHOTO MaTepHaua. 


Jla6opatopua reojoruu yrs Tlocrynuno 
Akayemuu HaykK CCCP 30 XII 1959 
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ITET POT PA®H f1 


M. A. POMAHOBA 


O SOTOMETPHYUECKHX CBOKMCTBAX NECKOB MYCTbIHb 
KAPA-KYM WH KbI3bIJI-KYM 


({1pedcmaéaexo akademukom J. B. Haauexuneim 8 I 1960) 


B cTarbe IIpuBeeHb! pe3yJIbTAaTb! U3MepeHHH CMeKTPaJbHOM ApKOCTH Kapa- 
MCKHX H KbI3bIIKYMCKHX MeCKOB, MoJyueHHpre B 1958 r. Cxema pacmo- 
MKEHHA NpOPOTOMETPHPOBAaHHBIX yYaCTKOB H BEKTOPbI HEKOTOPbIX MapamMeTpoB 
€KTPaJIbHOH APKOCTH HCCJIEMOBaHHbIX MeCKOB MOKa3auHbl Ha puc. |. 
CiekTpaJIbHbI€ APKOCTH MeCKOB M3MepsAUCh Cc camoseta AK-12 c nomomb10 

RTHOrO KHHOCMeKTporpata PII-1, nosBousmtoujero (PUKCHpOBaTb CleKTp BOO- 
CTH AIMH BOH OT 490 no 650 mu. Meroy noswyueHHa CNeKTpOB HM UX U3Mepe- 
A OMMCaHbI panbule (*). PesyibraTbl H3MepeHUH CMeKTpaNbHOM APKOCTH Mec- 


OB TIpHBemenbl B TAO. 1 B Bue CpeqHUX 3HAYeHHH p, MB BUE MOMMHOMHMAasb- 


Ta6auna 1 
Ta6auua oTOMeTpnyueckux MapaMerpos neckoB nycTBIHb Kapa-Kym u Koispii-Kym 


) g S 12 'S | 
(oe) Oo wD 
> a © 
2 O6p. MecrTo B3aTust al al Be Ao a, oP ae 
. x] > fer) 
ss re) 6 
| la fe le 
E ! 
214 Agmosuit p. Kyuikxa AYIA) 36,3 aoy2) | s0s02 +2,59 | —0,386 |} +0,013 
236 Cranuua Feox-Crop 3351 30,8 31,4 || 29568 +2,76 | —0,42 |} +0,045 
240 Bocrouvee Amxa6afa 45,8 48,3 47,7 40,25 +2,19 | —0,20 -++0, 005 
241 Cepep Auxa6aya oF 52,3 ail Aye) -+-0,78 | —0,07 | -+0,002 
242, Kosoneu Cauma 48,8 53,4 51,2 | 40,89 +2,79 —0,21 +0, 005 
243 loc. Boxy pyox 69,5 81,2 {Bay Wore +2,90 | +0,014 | —0,008 
249 Cen. Jlappasa 67,5 82,0 TOS WARD) +3,14 | +0,03 | —0,008 
260 lOro-3anayquHee cen. TaxTbl 50,4 §9;2 56,8 | 42,44 +2,92 |} —0,25 | +0,008 
262 Tamays 48,6 49,6 48,4 | 438,26 +2,04 } —0,18 | +0,004 
263 Sanayuee cen. TaxTpl 54,6 66,4 62,6 | 43,23 +2,79 | —0,01 | —0,005 
266 Jleppiii 6eper Amy-Jlapbu 43,5 4h, t 41,7 | 38,44 12,34 0,25 0,007 
269 Koaxo3 um. TesbMana Lew 43,8 LORDS AUP VAL +4,28 | —0,13 | -+0,004 
294 Mereoctanuua Uaban-Kasrau 68,6 64,5 65,3 | 63,97 +2,52 | —0,34} -+0,044 
313 Koi3pisi-K yMbl 41,8 45,4 45,0 | 31,72 +4,09 | —0,40 | +0,0412 
315 To xe ay 15) 58,6 58,4 | 40,38 +3,80 | —0,27| -+0,007 
320 Sanagy r. JKerpimray 66,7 73,9 47,6 | 40,34 +10,59 | —1,08 | -+0,034 
335 K sory ot r. Ax-Taw 40,2 Ak 3 42,9 | 33,66 +2,14 | —0,14} -+0,003 
349 Byxapa 28,7 28,8 25,5 | 23,89 +2,04 | —0,20} +0,005 
353 lOmuee Konozua MWleix 32,9 34,7 30,8 | 26,09 +2,37 | —0,18 | +0,003 
B37 Beper p. Amy-Jlapbu Bplle 
cen. JJapranata 44,6 50,2 47,6 33,40 +4,07 —0,32 +0,008 
344 To »*e 44,9 45,6 43,6 173959 2,10 | —0,21 --+0, 006 
367 Cepepo-BocTok cr. Penerex 50,7 54,4 49,0 | 40,62 +3,47 0,24 0,003 
369 lOro-3sanag cr. Penetrex 38,5 40,1 Sie \P3ts90 +2,06 —0,14 +0, 0003 
373 Kononey, Batiryuau 40,3 45,0 38,4 | 32,23 +2,55 | —0,13 | —0,0001 


bIX KOSGXPHIMEHTOB, MOJIYYeHHBIX MyTeM CIvlaxKHBaHHA KPMBbIX CIeKTPaJib- 
oi apKocry (1). TuMbl KPHBbIX It HEKOTOPBIX MeCKOB MoKa3aHbl Ha PHC. 2 

C yelbiO MpoBepKH YCTOHYMBOCTH NOJTYYaeMbIX BeJIMYHH p, B TeYCHHE BBI- 
)aHHOFO BPeMeHH (POTOMETPHPOBaHUA UCCeyeMble OOpPasilbl MeCKOB M3Meps- 
uCb Ha YHMBepCalbHom doTometpe @M-2 c Hadopom uMHTepdepeHIMOHHIX 
seroduibTpos oT 420 yo 680 mu. Kpupple cieKTpasIbHOM APKOCTH MOly4YeHb! 
DH H3MEPCHHH B YCOBMAX OCBeMIeHUA JaMMO HakaMBaHuaA 8 B, MOMLHOCTbIO 
) st (puc. 2a) HM B YCMOBNSX CO/IHeUHOFO OCBeLeHHA Ha Wupote 37°30! Cc. I. 
salipam-Amm), B 10; 12 u 14 uac. mo mecrHomy BpemeHu (puc. 26). OranoH BO 
‘ex clyyanx Obl OMH M TOT 2%*e — GapunToBaHHad Oymara. IlouyyeHnpie 
JMBbIe, KAK 3TO BUAHO U3rpacuka, MOUTH MOJIHOCTHIO COBNaNM Apyr C Apy- 
mm. TakuM o6pa30M, U3MeHeHHE OCBeIeHHOCTH B BbIOPaHHbI OTPe30K 
eMCHH TIOUTH He CKA3bIBaeTCA Ha H3MeHeHUM XapakTepa KPHBbIX. POTOMET- 
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PHPOBaIMCb NMOBEPXHOCTH Me€CKOB C BbICOTHI 10—20 m. KoutpoemM 4HCTOT 
(pPOTOMeTPUPYyeMOli MOBePXHOCTH ABNANOCh HasIMyHe 3HAKOB pa6u, KOTOpé 
XOPOWO BUAHAHA oTOrpaduax,  COMPOBOXLalouldX CHAMKM CHEKTPOB. BH 


MUKPOOTOMeTpe M3MEPAJHCb CHEKTPbl, NOMyYeHHEIe OT TOPM3OHTabHC 
WOUlaaKH ~—- BIXOTC 


TIeCKOB MIM OT OCB 
ULCHHOFO COJIHILEM CKJII 
Ha Oapxaua. 

B mpowecce vce 
JOBaHHH mpopoTomMe 
PHpOBaHbI HW OMpooos 
HbI M€CKH, CJlararoHly 
BbICOKHe TpALbI K C 
Bepy OT jembTEl Te, 
yKeHa, WeCKH H3 pal 
Hop JlapBa3p, Uadai 
Kasraua, Tamapi-b 
daka, Byxappt, Uap, 
woy, Penereka u M; 
pp. [lerporpadomun 
palornuyeckaa xXapali 
TepHcTHKa Mpodotome’ 
PHPOBaHHBIx TECK 
mipupeqena B TaOn. $ 

Ilo rpanysomerpi 
yeckomy COCTaBy HCCJI' 
nyemple oOpasiibl OTH 
CATCH K THIMUHBIM Tet 

KaM, HW JIMUIb Teck 
50 ie} 50 100 150 xm 


rae ate U3 patioHa Jeu 
Mypra6a u TemxKen 


IIpeACTaBJICHbI aIeBpi 


°*Tamavi-Bynax 


330 


Bypospe 


fiapsa3sa 
260 
\ 


o Baxappoxu 


\/ 


\ 
ALUXABAA 
O) 


ao 
60 
13.2) 
50 
45 
40 


30 


25 Kywka tamu. Ilo nerporpadr 

20 (3 
yeckomy cocTaBy(%) 31 
Puce. 1. PacnotoxweHne BeKTOPOB, NOCTPOeCHHbIX NO BeHYMHAM THUMYHbI€ TpayBakk 
MOJHHOMH aJIbHbIX Koad yueHTOB Ay HU Qj, KPHBBIX CHEKTPaJIb- (KapakymMckKue MeCKI 


HOH SpKOCTH mecKOB B TOUKaX HadOfeHHH 
WJM CyOrpayBakKH(KE 


SbIIKYMCKHe  TeCKH 
OOpasitbl 43 pasBeBaeMbIX PPANOBbIX MeCKOB K CeBepy OT TemKeHa CO%KeH 


KPYITHO- H CpeHeSePpHUCTHIMH TeCKaMH C XOPOMIO OKaTaHHBIMH 3e—pHaMU KBaprk 
MNOJYOKaTaHHbIMH OOJIOMKaMM TpaHHTOB WM WOCKMMH OKaTaHHbIMH OGJIOMKaM 
MeTaMOpHyeCKUX CaHWes. B TaxKeNO dpakunH Z9THX MeCKOB IIPHCyTCTBYK 
KPyUHble KPUCTAIbI WUCTeHa M pOsoBoro rpanata. OOpasypi us paliona JlapBas 
NP€LCTAaBJIEHb! CPeCMHE3CPHUCTLIMH, XOPOIO OTCOPTHPOBaHHbIMH pa3sHOBUAHO! 
TAMH, COJe€pKaT MHOTO OKAaTaHHbIX OOJIOMKOB H3BECTHAKOB, NOJeBBIX WMNAaTC 
H KBaplla; B TAKEION Ppakilun MpeoOalawr WIbMeHUT MH TeMaTuT, OTMeueH 
€IMHHYHbIC 3epHa CybusoB Ag u As. OOpa3upt n3 paiiona meteocranunu U. 
Oan-Kasran (ceBepo-samaqupie Keisbii-KyMbl) CocTosT TpeHMyllecTBeHHO 1 
KPYMHOS€pHUCTOrO KBapla, OOJIOMKOB rpaHHTa M POroBHKOB; B TA KeNON (pp al 
WWM XapakTepHO HaMuNe Ppanata u crapposnra. Tlecku us pationa Tamgpi-By 
aka (eHTpasbuble Keispii-KyMbl) CoxKeHbI MpeumMyulecTBeHHO KpyNwosepuu 
TRIM XOPOWIO OKaTaHHbIMH OGJIOMKaMH KBapla H KBapHeBBIX Mopdupos; 
TAKENOH PPakUMH MHOTO Tpanata uM UIbMeHHTAa. O6pasup! 13 paviona cr. Pen 
Te€K OoraTbI OGJIOMKAMH MOJIEBLIX WIMAaTOB rpaHuTos. OOpasipl u3 paliona Jem 
Mypra6a u Temxkena mpeycrapenbl m0xo OTCOPTHPOBaHHBIMH Ppa3HOCTAM! 
TePeCXONHbIMH OT M€CKOB K al€BpHTaM HM OoraTbIMH O61OMKaMu TOpdupuTo: 

Kak BUHO H3 9TOrO OnuCaHuA u Tab. 2, uccuIelyeMble OOpas3ilbl WecKe 
ROBONDHO PasIM4HbI TO Merporpaduyeckomy cocTaBy: THHHYHBIe rpayBaKkk 
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palione Jlappa3pi, cyOrpayBakKu C XOpOLO OKaTaHHbIM OOJIOMOUHBIM Matepit- 
JOM B pakone Tamybi-bysiaka, Onu3kve K apKO3aM TecKH M3 palionacr. Pene- 
eK H rpayBakkKu, oG6ora- 


eHHbIe OOJIOMKaMu NOpdu- 
WTOB, B palione jeJbT Iletporpad:o-munepamornyueckan XapakTepHCTHKa HeKOTOPEIX 


ypra6a u Temxena (bOTOMeTpHpyeMbIX OOpasloB NeckoB (B MpoueHTax) 


Hexkoroppie cboTtomerpu- 

ecKHe Mapametpp! uccuie- rommowens 
yeMBIX TleCKOB ObIWIM Ha- 
eCeHbI Ha KapTy H CONO- - 
TaBJIeHbI CO CxeMol pac- | 


mm . Kesapy 
pocrpaHeHnun OxapakTe TNoneppie mmarbl 


MSOBaHHbIX BbIMNe THIIOB Hszectuakn 
i TpaHuti 


eckoB (puc. 1). S3yecb uc- shoysnen 
OJIb3OBaHbI HeEKOTOpble TeMHouretupie 
OJIMHOMVAJIbHbIe KOS(Ppu- 

MeHTHI, MOJyYYeHHbIe pu 


TWaxKUBAHHH KPHBbIX gprs 4 
emaTuT 


lek Tp aJIbHOH APKOCTH Kopyug 


pooToMeTpupoBaHHBIX = yey, 


€CKOB. YOeqHTeIbHYIO  AxaTas 
JletikokceH 


apTUHy JaJiW BEKTOPHI, 0- hee 
CTpOeHHbIe NO BeMYHHAM Xpomur 
MMHeEHHOrO}; WIeHa MOJIH- ey 
HOMA Q,, BJIMAIOULErO Ha Auganysur 
yrol moxpemMa KkpHBon es 


CM€KTP aJIbHOW APKOCTH, KO- Pom6uueckue 


2° MNHpPOKCeHbI 
TOPbIH OTKJabIBaJICA IO Moxnoxsauunpie 

\ IW pOKCeHBI 
ecu aOcuncc,’ H 0 BeH- Ban Or 


quHe) 3HayeHHaA Koasddu- [paxar 
TypMaJHuH 

WMeHTa Ay, PUKCHPYy!OUlero Xaoput 

BBICOTY NomOx%KeHuA Haya Cher 


% _ AnatTutT 
jla KPHBOH CNeKTPabHOW Kapoonare 

e O6n0omKu nopog 
APKOCTH Ha OCH OPAMHAT. Kaunonousut 
Hayao otTcueta 3HayveHHH 
@y) MW a, B CHCTeMe KOOpyu- 
HaT (a), @,) M MacmiTa6 ux BbIOpaHbl MPOWSBOMbHO — Tak, TOOL! NOyYUTb 
BEKTOPI, yAOOHbIe JIA UTeEHHA CXEMbI B Mpeqaraemom reorpaduyeckom mac- 
mira6e. Kak BuyHO M3 NomyyeHHOH cxembl (puc. 1), pacnoncmwenne BeKTOPOB 
OTMEUCHHBIX KOS*@DMMNEHTOB, HX HallpaBenue HU WNHHA PasJIMUHbI B palouax 


TaOaunna 2 


Cr. Teox- 
Crop 
Tloc. 
apBa3a 

Cr. Ua6an- 
Kasran 
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Ti alOwn Morena 
COPpeMAIHOHHAA 3aBHCHMOCTb (pOTOMeTpH4eCCKHX CBOHCTB HeCKOB OT NeTporpaduyeckoro 


cocTaBa 
KomMoHeHTbl, NOACUMTAHHDIC Hexorophie mimuxoBble MUHEpamBi 
= B wsnde 
PA (Mp) ee 
O6JOMKU TEMHOUBETHHIe 
KBapth | sddysHBoB | MH Hepabl IH PpKOH | pytTus |netixoxcen MH pOKceH 
| +0, 40 —0,42 —0,45 | 0,58 | | 0,55 | 0,09 0,38. 
428-479 4,8 1,95 Al 2,9 Pret 0,4 | jn 
: "0,48 06 v, 64 0,58 0,22 | 0,20 
507565 0,47 0,48 | 0,58 oe + | + poste 
2,2 1 72,9. eae oe ae LORGPT PRE “eves 
592—649 0,7 : 0,76 | 0,82: -+0,37 | “0,54 | 40,51 |} 50,7 | 
“6 eve. Lo 1,7 2,6_| Pt NEOUS 


Iipumeuyauna. J. Hag yveptok — semmuyna KOspPuNneHTa KOppeAUHH, NOX yep- 
Oli— oLeHKa STHX KOZ@duMeNnTOB no Mumepy. I]. Cns0wWHbIM KOHTYPOM BbILeNeHbI SHATHMbIC 
IONOKUTENbHBIE KOSPDHUMEHTL! KOPPeAALHY, MPePpbIBHCTLIM — 3HAYHMBIC OTPULATCIDHEIC. 
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paciipocTp 4aHeHuA pa3JIMGHbIX THIIOB TleCKOB H JJOBOJIbBHO YCTOMYUMBHI B IIpez 


max Kaxkjoro pahoua. 


Tlecku u3 paliiona JlapBa3sbl XapakTepHSyIOTCA BbICOKUMH Kosppulne 
TAMH pn, C MOCTATOUHO KPYTHIMH KPHBHIMM CIeKTPaJIbHOU apkoctu (puc. 3). Tec 


7% 
“4g 


a 
20 


400 490 S00 550 600 me 


A 


Puc. 2. Kpuppie ciiekTpaJIbHOH sApKOCTH mecKa, 
TlOJIYYeHHble B pasHbIX YCJIOBHAX (hOTOMeTpHpOBa- 
HHA (MOCTPOeHbI MO Crviax%KCHHbIM 3HaYCHHAM (>). 
a — Tp ocBelleHHH saMnoH HakaMBaHua, 6 — 
IIpH comHeyHOM ocBemjeHHH B 10; 12 u 14 uac. 


OT MeTporpaduyeckoro cocTaBa BbIIIOJIHA- 
JOCb C MOMOUbIO KOppeJAWHOHHOTO 
aHaiu3a. JlaHHble KOppeaAuHH Mex 
coyepxKaHHeM B Me€CKe€ HeKOTOPHIX Xa- 
pPaKTePHbIX KOMIOHEHTOB H CpesHet CMeKT- 
PaJIbHOH APKOCTbIO 10 WBeETOBbIM Moporam 
IpHBeseHbl B Tabu. 3. 

AHaIM3 KOPpeIAWMOHHOH TaGIMIUbI 
MO3BOJIAeT TOBOPHTb O TOM, 4TO Ha CmeK- 
TPaJIbHy!O APKOCTb HCCJIEYeMbIX IMeCKOB 
BJIMALOT COJepxKaHHA B HUX CJeMytOUlAx 
KOMIOHEHTOB, XapaKTepHbIX JIA JaHHbIx 
MHHepaJIbHbIX acCOWMalHi: a) KBapll u 
PyTHJI YyBeJIMUHMBaIOT 9, BO BCeX 06- 
JMacTAX CMeKTPa, a WHPKOH MOJOXKUTEMb- 
HO BJMAeT Ha 9, B CHHe-3eJIeHOH 4a- 
CTH cieKTpa; 6) OOIOMKH appy3HBOB u 
TpaHHTOB MH MOHOKJHHHbIC MMpOKCeHbI 
CHW2KaI0T py, OCOOCHHO CHJbHO B JVINH- 
HOBOJIHOBOM YacTH CieKTpa. 

He BaaBancbh B albHenunit anann3 
MIPHYHH, BJIMAIOWMX Ha CIeKTpasbHy10 
APKOCTb UCCJIEAYeMbIX MeCKOB, TOJbKO Ha 
OCHOBaHHH MOJIYYeHHbIX 9KCMeEPHMeHTaJb- 
HbIX JJ@HHbIX MOMKHO CUNTaTb, YTO MeCKH 


iW 
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v3 paliona Ua6an-Kasrana Met 
TaK Ke BbICOKO pacCIIOJIOxKeHH 
KPHBbIe CMEKTPaJIbHOH APKOCT 
IIpH 9TOM OHH Oovlee CHJIbHO OTP 
2KalOT B 3e€JICHOH YaCTH CIeKTP 
yeM B Kpacuol. Ilecku u3 palo: 
Tamypi-Bysiaka HMeloT XapaKTe 
HbIi M3rHO KPHBbIX CIeKTPaJIbHK 
APKOCTH B KpacHOH YacTH CIeKTp 
Tlecku u3 pationa cr. Pener 
uMeroT Oovlee HH3KHe oOTpaxk 
T@JIbHbIe CBOHCTBa, eM  BbILy 
Ha3BaHHble, H Oomee WIM MeH 
OJMHaKOBO OTpaxkKaloT BO BCI 
WJIMHaX BOJIH HCCeyeMou 4ac’ 
cnekTpa. [lecku “3 paliona eu, 
Mypra6a u TeaxKena uMeror MO 
rue KPHBbIe CHeKTpasIbHOH 
KOCTH. | 

BpiapsenHe 3aBucMMocTH & 
TOMeTPHYeCKHX CBOHCTB TeCKi 
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Puc. 3. Kpuppie cmeKktpaibHoli spKoc 

HeEKOTOPbIX H3 MCCeAOBaHHbIX 1eCK 

(MOCTpOeHbI MO CrviaxKeHHbIM 3HaueHH 

0,). 1 — o6paser Ne 320, Taman; 2 

Ne 250, appasa; 3 —Ne294, Yabau-K 

rau; 4 — Ne 222, Penerex; 5 — Ne! 
TeqKeH 


OMNpeTeNeHHOrO neTporpaduyeckoro COCTaABa HMeIOT CBOH, XapakTepHple JI, 


HUX (pOTOMeTpHyecKHe CBOLCTBA. 


Jla6opatopua adpomerosos 
Akayemunu Hayk CCCP 


Ilocrynua0 
29 XII 1959 
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PHCTOJOLHA 
A. K. ATEEB 


O KJIETOUHOM COCTABE O4ATOB IKCTPAME,LY JIJIAPHOLO 
KPOBOTBOPEHHS B KODKE NIPH JIEMKO3AX HW OCJIOKKHEHMH 
EMWKO30B AYTOMMMYHHbIMH FEMOJIMTHYUECKHMVH AHEMMAMU 


(II pedcmasaeno akademuxom H. H. Anuukcesim 24 I 1960) 


IIpH usyueHuu NaTorenesa JI€HKO30B H3BeCTHOe 3HaYeCHHE HMeeT FHCTOJO- 
yeckoe OOculeqOBaHHe OYAaFOB SKCTPaMeyJAPpHOTO KpoBOTBOpeHuA. B Hux, 
oriacHo pe3yJibTaTaM uccyieqoBanul K. M. Jlanuaospol, H. A. Kpaescxoro 
~H. M. Hemenosoit (?,°), orcyTcTByeT CKOJIbKO-HHOyfb BbIpaxKeHHOe CO3peBa- 
We KJIETOK, YTO HCNOMb3yeTCA yKa3aHHbIMH AaBTOpaMH KaK OHO 3 WOKa3a- 
@NbCTB OMyXOeBOH NpHpOAb Meviko30B. OqHakO UCCNeETOBaHHAMM ApPyrux aB- 
opos (1°) sTH WaHHbIe He MOATBEPAMHCb. 

Hamu Opivio MpopexeHO HuCCIeqOBaHHe OUATOB JKCTPaMeLYJJAPHOTO Kpo- 
OTBOPeCHHA B KORE WH WOAKORKHOM KJeTUaTKe y 29 yMepIMX OT pasJIHUHbIX POpM 
iehKO30B. M3 Hux 19 noru60 oT ocTporo Mueno3a, 4 — OT xpoHuyeCKOrO MHe- 
io3a, a 6 — oT XpoHHyecKOorO JHMdaeHo3a. 

Vccneqopanve OuaroB 9KCTPaMeYJIIAPHOTO KPOBOTBOpeHHA B KOKE UH 
(OMKOXKHOU KJe€TUAaTKe, T. €. B TKAHAX, B KOTOPbIX B OObIUHBIX YCJIOBHAX HH B 
MOPHOHAJIbHOM, HM B MOCTHATAJIbHOM IepHoyle KpOBOTBOpeHHe He HaGui1OLaeT- 
A, IpecTaBseT HeECOMHEHHBIM MHTEpec. 

BekpbITHA yMeplinx, BO H380exKAaHHe PasBHTHA OBICTpO HaCcTyMawWNXx pH 
eHKO3aX TIOCMepTHbIX H3MCHCHHH, IpOM3BOUHJIMCb B BO3MO%KHO PaHHHe CpOKH 
y 11 B TeyeHHe NepBbIx 6 yac. NociecmeptH). IIpu BcKpbITHH Mpou3sBO_HICA 
CMOTP KOXKHBbIX MOKPOBOB HM OpaJHcb WIA THCTOMOrMYeCKOrO UCCIeELOBaHHA 
yCOUKM KaK M3 TopaxKeHHbIX, TaK H BHeLWHE HEM3MCHEHHBIX YUACTKOB KOXKH, a 
AKKKe U3 TEX YUACTKOB, B KOTOPble BBOLHIHCb AHTHOMOTHKH UM Apyrve eKap- 
TBeHHbIe BelllecTBa (KaMdapHoe Maco, Kodenn). IlapammeibHo ucceqoBavica 
OCTHLIM mMo3sr Oempa. HMccmeqopanue NMpOBoAHJIOCh C MpHMeHeHHeEM COBpeMeH- 
bIX FEMATOJIOTHYCCKHX METOAOB OKPAcKH cpesoB. PesyIbTAaTb!I PHCTOMOPMYeCKHX 
CCIeEOBaHHH COMOCTAaBIAHCb C JaHHbIMM KJIMHMYeCKOrTO Hu JadopaTOpHOrO 
OCMIEOBaHHA GOOJIbHbIX. 

Kak loka3asIv MpOBeeHHble UCCeAOBAHHA, PaSBUTHE OUAPOB 9KCTPaMesyJ- 
APHOrO KPOBOTBOPeHHA B KOXKE H MOAKORKHOK KeTYaTKe HaOMOMaeTCA 3Ha- 
UTEJIbHO Yale, YeM 9TO IIPHHATO CUNTaTb B HacTOsuee Bpema (°,8). 

Kpytupie ouarn 9KCTpaMeLyJJIAPpHOrO KPOBOTBOPeHHA B BHE Y3eJIKOBBIX 
OAIKOBUHDIX YTOJIMLCHHH KOXKU ObIIM OTMEUeHBI Y TPeX YMepLIMX (OT ocTporo 
Me03a, OT XPOHHYECKOTO MHeN03a HM OT XpOHHYECKOrO MMpaeHo3a). Kpome 
PO, IPH PHCTOJOHYeCKOM HCC/eOBAHHH BHEIIHe HEM3MCHEHHOM WM Comep2xKa- 
eli TOUCUHbIE KPOBOV3JIMAHUA KOMKH Obl OOHAPyXKeHbI MCMKHE OYAKKM SKCTPa- 
EY JJIAPHOTO KPOBOTBOpeHHA ele y 9 ymMeplIMX OT OcTporo MueNo3sa, y | — 
’ XpoHHyecKoro Mue03a uy 1 — oT xpoHMYecKOro AuMiaqeHo3sa. Hakouel, 

yMepwiux HaOm10Lauch HepemKO BecbMa pacMpOcTpaHeHHble OUarH SKCTPa- 

Ely JIAPHOrO KPOBOTBOPeHHA B KOMKe WU MOAKORKHOK KeTYaTKe Ha MeCTAX 
3@ICHAA AHTHOHOTHKOB M JpyruX wWeKapCTBeHHbIX BeulecTB (puc. 1). 
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OnpegeseHHoit 3aBHCHMOCTH MexKy paciomOmwKeHHeM O4aPOB 9KCTpaMely. 
AAPHOFO KPOBOTBOPeHHA HM KPOBOM3/IMAHUAMKM B KOE HW NOMKOAKHON KNeTHa 
Ke He oTMeyaocb. JlefikemMuecKHe KJIETKH CpeqM KpOBOH3IMAKMM NoABepr 
JIMCb pactany. B To *xe BpeMaA B O4Aarax SKCTPaMefyAPHOFO KPOBOTBOPeHI 
MOCTOAHHO HaGuJOalOCb HaIMGNe TMepeXOLHbIxX (OPM MexkAy KNeTKaMU «Je 
K€MHYeCCKUX HHMIbTpaTOB» MH MeCTHbIMH COCAHHUTEbHOTKAHHBIMH KJIeTKaM 
YTO MO3BOJIAeCT HAM IPHCOeCMMHUTLCA K MHEHHIO MHOPHX APyrux UCCMeLOBAaTeE 
2,410 12,14) Q MeCTHOM, ayTOXTOHHOM OOpa3s0BaHHM OYarOB SKCTpaMeny A 
HOFO KPOBOTBOPeHHA MIpH JIeHKOSaX MyTeM MeTAaIla3HH COCAMHHTCIbHOM TK 
HU. OTUM JIeHKOS3bI CYHLeCTBEHHO OTMYAIOTCA OT ONyXoseu, IPH KOTOPHIX OOp 
30BaHHe HOBbIX O4aATOB MpOuCXOAMT MyTeM MeTacTasHpoBaHHaA. 

KuleTouHblt COCTaB O¥APOB IKCTPaMeAyIIAPHOFO KPOBOTBOPeHHA HaXOMMJIC 
B 3ABHCHMOCTH OT (OPM JeHKO30B, IpeCTaBJIAA B UX Mpekemax HeEKOTOPble pa 
suuua. Ipu xponnueckom sumiayeHo3e OHM ObLIM MOHOMOP@HbIMM HM COCTOAS 
U3 JMMOUMTOR u sJuMioOsactos. IIpHx xpoHuyecKOM MHeO3e OFA 9KCTP. 
Mey JJIAPHOTO KPOBOTBOpeHHA ObIIH MOJMMOPHBIMA HM COfepxKaN, HapAL 
C He3PeJIbIMH, OOJIbUIOe KOMHYECTBO CO3PeBaIOWIHX HW SpeJIbIX KJIETOK MHeJION, 
Horo paga. IIpu ocrpom weHKose 9TH OUAPH COCTOAJIM B OCHOBHOM U3 FeMOLMT! 
OacTOB H MHemOONAaCTOB, Cpe KOTOPbIX B HeOOJIbUIOM KOJIMYeCTBE HMeJIMC 
CO3peBaolllHe H 3peble MHEJIOVAHbIe KeTKH. B AByX CLy4YaAX OCTPOro MeHKOE 
KJI€TOUHBIM COCTAB OUAFOB IKCTPaMeAYJAPHOFO KPOBOTBOPeHHA MpHOMMKaMC 
K HaGloqaBllemycA IpH XpOHMYeCKOM MuHeU03e. 

Y OWHMX HM TeX Ke OOJIbHBIX KJICTOUHbIN COCTaB OUArOB SKCTPaMeyJJIAP HOT 
KPOBOTBOPeHHA — KaK Pa3BHBaBIWWHXCA B HeEMOBPeKACHHOH KORE, TaK HU BO 
HMKaBIUMX Ha MeCT€ HHBEKILMH JIeKapCTBeEHHbIX BelLeCTB — OblJ1 OJHHAKOBbIM 
B OOULEM COOTBETCTBOBAJI KJIETOUHOMY COcTaBy KOCTHOrTO Mo3ra. EMHCTBeHHBI 
OTJIMYHEM KJCTOUHOFO COCTaBa OYAFOB SKCTPaMeLyJJAPHOrO KPOBOTBOPeHHA 
KOKE HM MOAKOMKHOK KeTUATKe OT KJIeETOUHOFO CoCcTaBa KOCTHOrO Mo3ra Oeyp 
ObllO OTCYTCTBHe B HHX MerakKapHOMHTOB HB YaCTH ClydaeB KJeETOK IPUTPO 
TapHoro paga. Y 8 ymepuinx or ocrporo u | — oT xpoHHy¥ecKoro Mues03 
B OY¥araX SKCTPaMeLYJJIAPHOrO KPOBOTBOPeHHA B KOMKe WH MOMKORHOM KJMEl 
yaTke OblvIH OOHAPy2KeHbI OTICIbHbIC CKOMJICHHA IPUTPOGOMACTOB C MOMMXpOME 
TOPWJIbHOK WIM OKCHUJIbHOH WiasMoH (puc. 2). Y 9sTHX OOMbHDIX OKA3aJIC 
Takxe Oo/lee BbIPAKeCHHbIM IPHTPOM093 B KOCTHOM Mo3ry (puc. 3). 

B OomblulMucTBe cilyyaeB Mpu WeHko3ax HaOmOaeTcH yrHeTeHHe SpuTpC 
moa3a. Ilostomy Ha Culy¥aw JIeHKO30B, COMPOBOKaBUINeCA ABJICHHAMU BbIpé 
2%KEHHOFO SPUTPOM093a, ceyeT OOpaTHTb ocobOoe BHAMaHHe. BrepBple Taky 
@opMb! Obi OMuCaHbl MO, HasBaHHeM slelKaHemuli (7,°) H paccmMaTpuBasHuC 
KaK CO¥eTaHHe JIeEHKO3a HM 310Ka¥eCTBeHHOrO MasOKpoBusa. Ilo3qHee pay, BECbM 
CXOMHBIX C STHMH HaOMOReHHH Obit OnyOmuKoBaH Jiu Tymnenpmo (1%), cantar 
WIHM UX CaMOCTOSTeIbHOH (opMol eHKO3a. B HacTositlee BpeMA MOMOOHHIE & 
Clyuaw PaClleHHBaloTCA KaK Pa3HOBMAHOCTh mMueoOmeliKOs0B (3,1). Ykaspipe 
eTCH, UTO NOABJIEHHE SPUTPOOMACTOB B HOBOOOPas0BaHHOW TKAaHM pH elHKo3a 
MOXKET ABATHCA PC3YMbTATOM YACTHYHOFO CO3PeBaHHA MasmOMUdpepeulMpoBar 
HbIX KueToK (1°), 

Ha OcHOBaHMH BHeUIHerO CXOACTBa OUAaOB SPHTPOM0I3a B KO*Ke HU NOLKO 
HOH KJleTUaTKe y OOCIeCNOBaHHbIX HaMM yMepIIMX Cc O“araMu SKCTpaMmelly IAT 
HOrO KPOBOTBOPeHHA, HAaGIOLaIOULuMHCH MpH XpOnMyeCKHX reMOMMTHUeCKH 
AHeCMUAX, BOSHHKJO TIpeANOOKeHve, YTO HX Pa3BUTHe CBA3AHO C HasH4MeM 
9THX OOJIbHBIX AaYTOHMMYHHOM TremMOuIMTMYeCKOH anemun. J|1a pewleHua 9TOr 
BOMpoca aHHble, NOJYYeHHbIe MPH THCTOJIOrHYeCKOM UCCIe_OBaHUH OUArO 
SKCTPaMCLYJIJIAPHOrO KPOBOTBOPeHHA B KOXKE HW MOLKORHOM KeTUATKe, Obi 
COMOCTABJICHbI C pesybTaTaMH MpoOn1 KymMOca, mpopeyennok B. I. Durant 
y 12 u3 29 Oonbuplx, OGcaeqOBaHHbIX HaMM Mocsle ux cMepTH. 

Kak BUHO u3 Ta6n. 1, y BCex yMepllux, y KOTOpBIX B O4arax 9KCTpamenly J 
JIAPHOFO KPOBOTBOPeHHA B KOKE OTMEUAINCh ABJICHUA STPUPOM093a, Obla TaKR 
NOMOMKUTEMbHOH npoda KymOca, yKaspiBaiollad Ha Ha/IM4ve B KpOBH aHTH9pH 
POUMTAaTPHIX aHTuTe. B Toxe BpeMa B Nepudepuyeckoll KpoBH y 2THX GONE 
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| Puc. 1. Ouar 9kcTpaMefyApHOrO KPOBOTBOpeHUsA B MOAKO*KHON 
KsleTuaTKe Ha M€CTe BBEGeCHHA AHTHOHOTHKOB Mp OCTPOM J1eHKO3e. 
Oxkpacka a3yp-303HHoM. 200 


Puc. 2. CKonuenne spuTpoOmacToB B ouare Puc. 3. SHauHTebHble KosIMUeCTBAa 9pH- 
3KCTPaMeLyIAPHOLO KPOBOTBOPeHHA B MOJ- TpoOmacToB, pacnomaraloujuxca cpequ Mue- 
KOXKHOM KieTUaTKe MpH OCTpoM JleHKose. o6acTOB B KOCTHOM Mosry Oefpa y Toro 

Oxpacka a3yp-303HHom. 900 x ke OobHOrO. Okpacka a3yp-303HHOM. 400 » 


AH, T. 132, Ne 3, Areer 


BIX OObUel YaCTbIO HaOMOJaOCh MoaBeHHe SpuTpobmactos. Hao6opor, 
BCeX OOJIbHBIX C OTPHWAaTeAbHOH MpoOoH KymO6ca aBlenult spuTpomos3a B 
yaraxX 9KCTPaMeyJIIAPHOrO KPOBOTBOPeHHA He HaGwslOManocb. Y pzByXx Oosb- 
HBIX XPOHHYeCKUM JIMMaeHO30M ABJICHHH IPHTpoMo0s3a B OUaraX JKCTpaMe- 
AYIJIAPHOFO KPOBOTBOPeHUA He ObIIO OOHAPYyXKeHO, HECMOTPA HA MOJORKUTEMb- 
Hy!0 y HUX peakiuto Kym6ca. STo Takxe He MpOTHBOpeINT CeaHHOMy Npeg- 
TIOO*KeHHIO, TaK KaK Pa3BHTHe OUAPOB KCTPaMeyJJIAPHOTO KPOBOTBOPeHHA 
B KOKe MPH ayTOMMMYHHDIX FeMOJIMTHYCCKUX AHEMHAX ABJIACTCA HEOOAZATEMIb- 
HIM. 


Ta6aunna 1 
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‘Takum 06pa30M, HaJI@KUT Mpu3HaTb, YTO B OOCJeMOBAHHbIX CyYYaAX HMeJIO 
MeCTO OCJOKHEHHE JeHKO3a AayYTOMMMYHHOM remOJIMTHYeCKOH anemuel. IIpu sTom 
MOABJEHHE OUAOB IPHTPOM0I3a B KOIKE MU MOAKOXRKHOM KleTuaTKe y 9THX OONb- 
HBIX MO)KET pacCCMaTPHBAaTbCA KAaK Pe€aKTHBHbIM MpoMmecc B OTBET Ha NpOMCXOA- 
alee yY HUX YCHJICHHOe pa3pyleHHe SPHTPOLNTOB. 

Cnelyer NoquepKHyTb, YTO HOBOOOpas0BaHHe SPUTPOLMUTOB B OYArax SKCTpa- 
Mey JJIAPHOrO KPOBOTBOPeHHA B KOMKE UH MOMKOXKHOH KJIeTUATKE B THX CMY YAAX 
MPOHCXOMMIO NapaJiesIbHO C Pa3BHTHEM B HHX IIPCHMYLLECTBEHHO He3PeJIbIX 
<popM JieHKONHTOB. CXOACTBO 9THX ABYX MpOMeccoB, HMeIOWIHX B CBOeH OCHOBe 
MHeNOMHYIO MeTalla3vHiI0 COCAHHUTebHOH TKaHH, 3aCJIy2xKUBaeT OCOOOTO BHH- 
MaHHa. 

JloctosHHoe O6HapyxKeHve Npn wWenko3axX oOUarOB 9KCTPaMeJyJAPHOrO 
KPOBOTBOPeHHA B KOKE MW MOAKOMHOH KNeTYUaTKe Ha MeCTAX HHBEKWMH aHTH- 
OWOTHKOB HW [pyrux JI€KapCTBeHHbIX BeULeCTB, yKa3blBaeT Ha OOJIbIlOe 3Haue- 
HWe B UX Pa3sBUTHH TpaBMMPOBaHHA COEAMHUTeIbHOH TKaHH. Ip 9TOM, OfHAaKO, 
<aMO NOBPeKeHHE CYT, MO-BAAHMOMY, TOJIbKO TOJIUKOM K Mposudepauun, 
KOTOPaA MOA BUIMAHHEM KAKMX-TO OOWIHX, BEPOATHO FyMOPaJIbHbIX aKTOPOB, 
peausyeTca B CTOpOHY OOpa30BaHHA KPOBOTBOPHOM TKaHH TOrO HIM HHOFO 
xapaktTepa. 

Heo6OxouMo OTMeTHTb, 4TO y OOMbHBIX JIeHKO3aMH B XKHPOBOH KJIeTUAaTKe 
Ha MeCTaX HHbeKIMM JeKapCTBeHHBIX BelleCTB HH pasy He OTMeWaJIOCb Pa3sBUTHA 
TaK HAa3bIBAeMbIX OJI€O- WIM JIMMOrpanyvJieM, a CTOJIb OOLIUHbIC pH 9TOM y OOVIb- 
HbIX C JPyruMu 3a60leBaHHAMM paspacTaHHA B He KPyMHbIX CBETJIbIX KJIETOK— 
«juno6acTos» (1) Ha6NOqaiIucb TobKO y 4 43 29 OOceMOBaHHbIX yMeplIHX 
u OblIM BbIPaxKeHbI BecbMa cyla6o. Y ofHOrO M3 HUX MeHKOS MpoTeKaJ C MelKO- 
mennelt (1600), a B KOCTHOM MO3ry OblIM OOHAPy2KeHbI KPOBOH3JIMAHMA WH O4a- 
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ru Hekpo3a. Y jpyroro Opll0 OTMeYeHO CHWKCHHE KOJIMYECTBA JI€HKOWMTOB 
13550 no 2700. Euie y oqHOro HMeJIMCh paclpocTpaHeHHble HEKPO3bI KOCTHOI 
Mosra, TOJIbKO y OMHOFO He YAaJIOCb OTMETHTb MPH3HAKOB NOMAaBeHUA KPOBK 


TBOPeHHA. 
MoxkHo TpeAnou102KUT, YTO y 9THX OOJbHbIX, BOSMOXKHO B CBASH C NPOBOAHE 


WWMMCA Y HUMX JIeYeHHeM MypHHETOJIOM, MpOM30WIO yreTeHHe STOTO outer 
lelikO3OreHHOrO (pakTopa, BCeCTBHe YeroO MpomuepaluA AUPOBOK KdJIE: 
YaTKH Ha MECTe ee MOBPeEKACHUA NOWWIAa OOBLYHbIM IyTeM. BO3MOXHO, YTO [allt 
HeHWIMe HCCIeEqOBaHUA, HallpaBJIeHHble Ha H3y4yeHHe TyMOpaJIbHbIX PakTOPO 
MIpH meHkKO3ax, MpvOMM3AT Hac K MOHHMAHHIO HX CYULHOCTH. 


BoeHHo-MeqHUMHCKad akayemua Tocrynuuio. 
um. C. M. Kuposa 20 IS LIGUs 
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Jornxanp AnagqemMun nayrx CCCP 
1960. Tom 132, Ne 3 


PHCTOMOLHA 


A. A. TTAHOB 


XAPAKTEP PA3MHO)KEHUS HEMPOBJIACTOB, 
KJIETOK HEMPHJIEMMbI HW HEMPOrJIMM B FOJIOBHOM MO3IrE 


| rYCEHHUbI KATAMCKOFO JYBOBOrO WEJIKONPATA 
| 


| 
| 


(II pedcmaeaeno axademuxom H. H. Illmaaveaysenom 25 I 1960) 


| [Ipu usyyexun pocta uM pasBHTHA HaCeKOMBIX BHUMaHHe uCCesOBaTeeli 
CPEOTOUMBAeTCA MIPeHMYULeCTBeEHHO Ha ruMosepMe u ee MpousBOAHbIX (?). 
PH 9TOM MHOrMMHM paOoTaMM BbIACHeHO, YTO MO XapaKTepy pocTa B TeyeHHe 
{WHHOUHOH CTaMM pa3sJIMUHble OTAebI THMOMEPMbI BECbMa OTJIMUHbI APyr oT 
yla; HMe€HHO, KJICTKH HMarMHaJIbHbIX AMCKOB MOCJIe BbIeeHNA UX U3 OKPy- 
alOlleH THMOMEPMbI HAYMHAIOT JeJIHTbCA BCe Yallle HM Yallle MO Mepe TOrO, Kak 
A4MHKa CTaHOBUTCA Ooee B3pocol. B TeyeHue KaxKOro BOspacta eeHHA 
1€TOK HMArHHaJIbHbIX JMCKOB MPOHCXOAAT KaK B M@KJIMHOUHDIN MepHor, 
1K HM BO BPe€MA JIMHBKH. MHbIMM CJIOBaMH, POCT HMArHHaJIbHbIX JHCKOB, OOyc- 
BICHHbIM PASMHOXRKECHHEM COCTABIAIOUIMX eFO KJIETOK, OKA3bIBaeTCA HE CBA- 
\1HHBIM C IIPe€PbIBHCTbIM POCTOM JIMYHHKH Kak Wesoro. Hanporus, jemenns 
leTOK HIOJepMbI, CCIM OHH MPOMCXOAAT BOOOULE, IPHYPOUYeHbI JIMMIb K OLIpe- 
WICHHOMY 9STaIly pasBHTHA MeKy OTCMOCHHeEM CTapOH KYTHKYJIbI H OOpaso- 
iHHeM HOBOK (2). YkKa3aHHOe pa3sMUHe B JeJIeCHHAX KJICETOK HMAarMHaJibHbixX 
(CKOB H OCTAJIbHOM THMOAepMbI MOCMyKUNO OAHHM H3 OCHOBaHHH rpayuent- 
AKTOPHOH TeOPHH MeTaMOp(ibo3a HaCeKOMBIX, BbI,BHHYTOH B TMocweqHee BpeMsA 
oBakom (°,*). 

OTa TeOopua, KaK M Apyrue BLIABUraBlHecA JO CHX Op TeOopHu OHTOreHe3ar 
ICEKOMBIX, OMMpaeTCA Ha YTHCTOMOrMYeCKHH MaTepHadl TvlaBHbIM OO0pa30m 
) rumogepme. Ilostomy BeCbMa BaXKHO CpaBHUTb POCT FHIOJepMaJIbHbIX OOpa- 
BaHHH, HEMOCpeACTBeCHHO CBA3AHHbIX C POCTOM OpraHH3Ma Yepes JIMHbKH, C 
TOM OMHOTO M3 BHYTPCHHUX OPLaHOB, YTOOLI IPOBePHTb, HACKOJIbKO 3aKOHO- 
PHOCTH pOCTa MOKPOBOB IIPHJIOXKUMbI K POCTy OpraHoOB, HeMOcpesCTBeHHO™ 
MOKPOBaMH He CBASAHHBIX. 

Jia STOW WeNM Ob HCMOMb30BaH TOJIOBHOH MO3r TyCeHHUbl KHTAaHMCKOrO: 
Ooporo wenkonpaga (Antheraea pernyi Guer.). AnaiusupoBasica mosr ry— 
Huubl II] Bo3spacta, Korfa J\eJIeHHA KJICTOK, HECKOJIbKO MofaBJICHHbIe Y MOVIO- 
IX TYC€HHIU, CHOBA OXKHBJIAIOTCA, a JO MepHoya Meramopdo3a elle JaseKo. 
| MOKa3aTeIb pOcTa Opaslacb YacTOTa BCTPeYaeMOCTH MUTO3OB, OJ,HaKO B Tepe-- 
ere He Ha OMpeeseHHOe KOJIMYECTBO KJIETOK, a Ha OJMH MOSI, MOCKOJIbKy 
OM pacueT JIA HEPBHOH TKaHH OUeHb 3aTpyAHuTeNeH. MuToTM4eCKad akTHB- 
CTh OMpefenasacb B Tpex rpylmax CMOcOOHBIX K Pa3MHOXKeHHIO KJeTOK:. 
y HelpoOacToB M MaTepMHCKUX FaHTJIMO3HbIX KJIeTOK, 2) B HeHpusemmMe, 

y KsleTOK HeHpoOruinn. 

HefipoOMacTH HMATEPHHCKHNe TAHT AWHOSHHE KsMer- 
u4. UacToTa jeneHulH 3THX KJIETOK XapaKTepH3yeT CKOPOCTb HapacTaHusa 
Cla HOBbIX HePBHbIX KJeTOK MO3ra. BrepBble HeHpoOOmacTb! BbI-eMAIOTCA 
SKTOJEPMbI B KOHL NepBol ueTBepTH Ppa3sBHTHA B AWE UM WeNATCH B Teue- 
€ HECKOJIbKUX Hel, OTMUpaad K KOHLLYy OnacroKuHesa. Mcuesaior JIM OHM NOuI- 
CThIO, HIM UaCTb HX OCTAeTCH, PellHTb TpyqHO. Bo BCAKOM CJlyyae, y B3poc- 
X 9MOpHoHOB u y ryceHul | BOspacTa yaeTCA 3aMETHTb TOMbKO YeTHIPe appl 
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HelipoOlacToB, IpHHaexkallux rPHOOBAAHEIM Team 4 OGOHATEJIBHOMY ICHTT 
KOTOpble BCera CTOAT OCOOHAKOM MO OTHOLICHHIO K OCTAJIbBHbIM OMMHONHBIM He 
po6mactam. Jum Bo I] ryceHw4yHOM BO3pacTe YHCIO MeAWUXCA Hel pooy 
CTOB CTAHOBUTCA HECKOJIbKO OOJIbIIMM, HEMpepbIBHO BO3pacTad B MOCMEAYyIOUL 
pospactax. Tao. | qaer mpescTaBjieHve O BCTpedaeMOCTH MUTO30B B KOE 
II u B tTeyenne III Bospacta. 


Ta6Ouauna i 


BerpeyaemocTb JeeHHH HewpoOmacTOoB HM MaTepHHCKHX TaHTJM- 
OSHBIX KuleTOK Ha NpoTsaxeHuu III] Bospacta ryceHuilbl KATackoro 
nyOosoro wenkonpsya (Ha 1 Mosr) 


Oran pa3sBuTua M 6 | m Cu,% n 
TlocneqHult WeHb NHTaHuA ry- 
cenuupl I] pospacta 44 SoBe! Ole) Aves 44 
0,5—3,5 uaca JIMHbKH Ha 
III Bospact 42 A SNORE |b B12 21 
2,5—15,5 vac. JIMHBKH Ha 
III Bo3pacr 13 Ss nO NGoeaie eee 
20,5—28,5 uac. JHHBKH Ha 
III Bo3pact 14 S20 ieteO ro Teele oe 
TonbKo uTO CMHABLUIME 
(«6eorouoBble») ryCeHHILbl 17 ys a AP ailafan) < Zs 
Cepeguua III Bospacta 44 AQF S42, Od le 2oncalmeco 
TlocneqHuH 2eHb MuTAaHuA 54 8,84} 1,98 | 16,4 Ail 
JIuupxa c III na IV Bospacr 55 Osa, | 2hvorl A252 8 


HelipuaeMMa B Bue XOpoulo 3ameTHOro COM KaeTOK NOABIAel 
TOMbKO Y 9MOpMOHA, 3aKOHUHBUero OuacToKuHes (puc. | a, naz). lo Haye 
-OJlACTOKMHE3a Ce HET, H KJIETKM MO3ra HeMOCpeCTBeHHO rpaHHuaT C NoOMOCcT 
rovioBbl. Y MOrpyKeHHbIX B XKeJITOK 3apOMbIWeH MOXKHO HaOsIOMaTb, Kak | 
J@JbHbIe TepudepHyecKH PaCMOJORKeHHbIe KICTKH TaHrMA MOCTeNeHHO yl. 
WLaioTCA HW CTAHOBATCA THMHYCCKMMH KJIeETKaMH HelipusiemMMbI (puc. | 6, A 
Y SsMOpMOHOB MHTOSbI B KJI€CTKaX HEMPHJIEMMbI BCTPewaloTA Kpaline peqko. B 1 
CCHHUHDIM MepHOd KJIETKH HaWHHAIOT JEJIMTbCA AKTHBHEC, HO B PasHble MepHo 
BO3pacTa OHH JeIATCH HEOMMHAKOBO YacTO. B nocieqHuM eHb NMTAHUA B MO! 
rycenny I] BospacTta MHTO3bI B KJIeETKaX HeEHMPHJIEMMbl OUCHb HEMHOFOUNCJIeH 


A aLO et eau 


VIHTeHCHBHOCTh J[eMeHHH KJIeTOK HelipHJIeMMbI (Hay, uepToH) u HeL- 
porauu (MOA “epTo) B rOMOBHOM Mosre Ay6oBoro WeIKONpsAa. 
IIpomeuT raHraues c pa3sHbIM 4HCIOM MHTO30B 


0 0—10 | 14—50 | 51—100} 100 
Stan Ppa3BUTHA MHTO- MHTO- MUTO- MHTO- MHTO- r 
30B 3OB 3OB 3OB SOB 
Tlocuequufi pens nuta-| 9,09] 81,81) 9,09 0 0 
nua Il Bo3pacta YOON. Y5094) _O 0 0 
0,5—3,5 vaca cHa Ha 0 | 38,08} 52,36) O | 9,52 
II] Bospacr 192041 71540) | 0 4,76 | 4,76 0,952 
2,5—15,5 vac. cna na | _ 9 0 | 33,0 | 19,8 | 46,2 
III Bospacr 0 |42,9 |16,5 | 3,3 | 36,3 | 9.794 
20,5—28,5 uac. cua nal 20,8 |49,9 |25,0 | 4,16 | 0 
III sospacr 25 Os h6Ge aan ces o | 0,942 
«Benoronospiey ryce- | 91,63} 8,33] 0 0 0 
Huu I] Bospacra 183,30116,66! 0 Crate 6) 
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Tao. 2). B Hayane auHbku Ha III Bospacr uncn0 MHTO30B BO3pacTaeT, OKAa3bI- 
ach UpesBblyaliHoO pasHooOpasupim (pH M = 30 Xun = 6, Xmaxc = 237). 
alee IPH COXpaHeHHH TaKOrO Ke pasHooOpasuA B YACTOTe MHTO3OB (B Nepuoy 
),0—15,5 vac. cua Ha III Bospact Xyun = 14, Xmaxc = 236) ene Gomee Bospacta- 
PT CpeHHH ypoBeHb UX BcTpeyaemoctu (M = 103,5). K Konny cua c npu6uu- 
€HH€M MOMEHTA COOCTBEHHO JIHHbKH CHOBA HaYHHAalOT MpeoOaqaTb ranriuu 
> HEOOJIbINHM UHCJIOM MHTO30B, a HarOTOYHBIX y3u10B co 100 nu Gouee eneHuA- 
WM He BCTpeyaeTca BOBCe. 

Y TOMbKO YTO CIMHABIIMX FyCeHU WeeHuA B HelipuemMMe MpaKkTH4eCcKH 

TceyTcTByror (1 qemenne Ha 12 HaqrmOTOUHBIX raHrvMeB), B CepesquHe BOSpacTa 
MOABJIAIOTCH CHHMYHbIC MUTOSHI (43 13 raHraMeB B 8 He ObIIO HH OLHOFO MUTO- 
a,B 4 —no 1 jezenuto,-B 1 ranraun — 002), HU JHUIb B MocneqHuH JeHb Mu- 
aH Wepeq cyom ua IV BospacT MHTO3bI CHOBA HECKOJbKO yualllaloTca (pu 
1=20 Xun = 2, Xmaxe = 20, M = 7,5.) Bo ppema cna ua IV Bospacr, Kak 
BO BPe€MA MIpesbIAyuleH JIMHbKU, MpPOMCXOLNT peskoe BO3pacTaHHe YMCA MH- 
030B (Xun = 22, Xmaxc = 334, M = 139). IIpu stom, kak uw panee, mpoucxo- 
MT paciipelemenue raHriveB Ha Be PpyNMbl: C OTHOCHTeIbHO HeOOJIbILMM 4HC- 
OM MuTO30B (oT 11 Zo 50 MuTo3oB B 37,5% cayuaeB) U Ha rpynny co «BCMBILL- 
of MuTO30B (Oosee 100 muTo30B B 62,5% ciy4aes). 
Hetiporaua HarpauHute BOLOKHUCTOrO BemecrTBa 
Hu Ted Helpouos. IIpoucxowgenue sTux HelpormMambHbIX KJeTOK 
© OOOH JOCTOBEpHOCTHIO YCTAHOBHTb HE yaeTcCa. ONM NOABAAIOTCH OMHOBpe- 
MeHHO C KJI€TKaMH HeHPHJIEMMbI WH MWepBOHAUaJIbHO MaJIO OTMUAIOTCA OT OKPy- 
KAIOWWMX KJeTOK raHriuad. MyTo3bl HeMpOrsuabHbIX KJIETOK, KaK HW KJI€TOK 
HeMPHJIeEMMbI, y 9MOpHoOHa Kpaline penku. 

B OTHOUIeHHH JeJIeCHHH HeMpOrHaJIbHbIX KJICTOK B JIMYHHOUHMbIN NepHoy Ha- 
OMOMaeTCA MPUOMU3HTEMbHO Ta Ke KaPTHHA, YTO Hy KeTOK HelipHsemMbl. 3yecb 
TaKKE MOUTH OCTYTCTBYIOT JeJICHHA B MEXJIMHOUHDIN NepHok, a BO BpeMA «CHa» 
ryCCHHIUbl MPOMCXOMUT pe3skoe BO3pacTaHHe BCTpeyaeMOCTH MUTO30B (TAGs. 2). 

TakuM oOOpa30m, HeHpoOwAacTbl M MaTepHHCKHe FaHrIMOSHbI€ KJIETKH, pa3- 
MHOXKAaACb Ha IIPOTAKeHHH BCero BO3PAaCTa, HAaMOMMHAIOT TEM CaMbIM KJICTKH 
THMOMepMAaIbHbIX MMArHHaJIbHbIX WuCKOB. MuToTuyecKkad 2%Ke AKTMBHOCTb KJie- 
TOK HeHpuJIeMMbI UM HeMPOrIMH B M@XIMHOUHBIM NepHol 3HauHTebHO NMo,aB- 
NeHa. YuatleHve MHTO30B HaCTyMaeT K KOHUWY BO3pacTa HM JocTHraeT MaKCu- 
MyMa B MlepHoy JIMHbKH. OHaKO B CBA3H C TEM, YTO YHCIO NeNAWIHXCA KJICTOK 
B HeEHpOrJIMH U HeEMPHJIEMMe OYeHb CHIbHO BapbUpyeT, MOXKHO IIPeAMOMORUTh, 
uTO HaHOoslee OOHJIbHBIe JeICHHA YKa3aHHbIX THMOB KJI€TOK MpOCHXOQAT He 
B TEUCHHE BCel JIMHbKH, a TOJIbKO B JOBOJIbHO KOPOTKHH Nepuog ee. OrcyTcTBue 
eTporo JaTHpOBaHHOTO MO BPeMeHH MaTepHadla He aeT BO3MOXKHOCTH TOUHO 
YKa3aTb STOT NepMOA, OMHAKO CpaBHeHHe JaHHbIX NO TpeM 93TalaM JIMHbKK 
(ra61. 2) MO3BOIHeT 3aKJOUNTb, YTO BPEMA BCMbILIKH MHTOSOB IpPHXOMTCA Ha 
IepBy!O MOJIOBMHY CHa, HO He Ha efo Mepsple yachl. B HelipHJIeMMe STOT Mporecc, 
DYeBHIHO, HECKOJIbKO PaCTAHYT, B HeMpOrJiMM Ke BCIIbILIKa MHTO3OB MpoTekaeT 
jomee pesKo. IIpu BcemM 3TOM «STIMACMMM» MHTO30B B HeEMpOrsMu HM HeHpHsIeMMe 
IpoTeKaioT OfHOBpeMeHHO. Ha 9TO ykKa3blBalOT BbICOKMe NOKasaTeH KOSp- 
puuMeHTa KOppelauuu r (Tab. 2). BmMecre c TeM, He€T HHKaKOM 3aBHCHMOCTH 
M@KLY YacTOTOH een HepoOacTOB uM, HallpuMep, KJeTOK HeMporvuu (AA 
1po6pni 2,5—15,5 uac. cua III Bospacr r = —0,014). 

Jlaibueiiiaa cymb6a pa3OupaeMbIX THIOB KJIETOK CKJabIBaeTCA CJIeMy1o-_ 
um o6pasom. Helipo6mactel NposomKaIOT JeIMTbCA B TCYCHHE OCTAJIbHBIX Ty- 
CHHYHBIX BOSPACTOB, B MpeKyKOUIKe HM B MOOZON KyKouKe. JLalee OHM Jere- 
iepupytoT, HM Y MMaro, KaK HMCKNOUeHMe, MOryT BCTpedaTbCA WHOA JIMUIb 
iefipoOsacTbl rpHOoBugupix Ted (°). Heiipusemma B pe3ybTaTe MHOrOUMCJIeH- 
IbIX MHTO3OB, He MpeKpalllaiouluxcA WH Y MOJORON KYKOJIKH, MOCTeMeHHO CTa- 
{OBUTCA MHOrocNOliHO. Ee yTomllenuve MposouxaercA BIVIOTh WO 5 WHA Ky- 
(OKU (pH OOuleH June KyKOJOUHON craqun B 16 QHel). K 3TOMY BPe€MeHH 
puc. le) Tomy HelpHJIeMMbI HAYHHAIOT NPOHH3bIBaTb TPaXeHHble CTBOVJIbI (mp), 
1 MeMOpana, MOKpbIBaBLad Hapy2KHY1!O MOBepXHOCTh OOONOYKH Mosra, MOU 
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TH MOMHOCTbIO COpacbiBaerca (m). K 7 AHIO Hapy2KHble COM KeTOK HeEMpHeN 
Mbl paspyulaiores (puc. | 2, Oee) u TpaxeHHble CTBOJIbI OKA3bIBaIOTCA JIeKAUIMM 
cBOOOLHO B MoMOCTH roIOBbl BOKpyr Mosra. M3 Bcel MaccbI HeEHPHJIEMMHBIX KJ 
TOK COXPAHAIOTCA JIMIIb Te, KOTOPble WexKaT PALOM C HEPBHBIMH KJleTKaMH (AZ, 
Y 5-HeBHOH KyKOJIKH 9TH BHYTPeHHHe KeTKH HeMPHJeMMbI MOpdosornyeck 
He OTJIMUAIOTCA OT KJETOK, PaCMOsO*KeHHbIX OMMxKe K MOMOcTU rosmoBbl. Coxpé 
HHBUIMeCH KJIETKM CHadasla JlexKaT B Ba-TpH CJIOA, HO MOCTeMeHHO UX PachovIc 
*KeHHe YMOpAJOUMBaeTCA, MH HelipHslemMMa cTaHOBMTCA OfHOcuonHOH. Ha e 
HapyXKHOH MOBepXHOCTH BbILeIAeTCA HOBaA MeMOpana (puc. | O, HA). 

B HeHporsuadbHbIX KJI€CTKAX MHTO3bI NpOAOJKalOoT BCTPeyaTbcA WU y KyKOJ 
Ku. HackKouIbKO MOXKHO CyJUTb HO MOMM ipenapaTaM, MaccoBol JlereHepaun 
HeHpOruaIbHbIX KJI€TOK He IpoucxoyuT. Bo BcAKOM CJlyyae, OHA OTCYTCTBYe 
B T€ MOMeHTbI, KOrga NWepecrpauBaetca HelpHJieMMa. 

CueqOBaTeIbHO, CCIM OMMpaTbcA Ha CyjbOy KJIeCTOK B OHTOTeHEe3e, a TAKK 
Ha TO, B Te4YeHHe KaKOrO BPCMeHH 9TH KJIETKH. OCYULECTBIAIOT CBOIO CIeln 
cbuyecky10 (byHKUMIO, TO HeEMpoOONaCcTbI HUKAK HEb3A CUMTATb “AMAarMHaJIbHBIMH 
KJIETKaMH, MOCKOJIbKY OHH, He MpeBpalllancb B HEPBHbIe KMETKM, OTMUPaloT } 
Kykouku. Ha Tom 2Ke CaMOM OCHOBaHHM HelpHJIeMMY WIM XOTHA Obl uacTb ee 
a TakxKe HeHporuio culekyeT CUMTATb JMYHHOUHO-HMArHHaJIbHbIMH OOpasoBa 
HHAMH, CYILeCTBYIONLMMH Ha IIpoTA*KeHHM BCero NocTsMOpHorenesa. Bmect' 
C TEM, CCIM K KJIeTKAM MO3ra MOJXOAUTh Ha OCHOBE BbIBOJOB, CAEAHHBIX | 
pe3yJIbTaTe UCCEOBAaHHA pOCTa MOKPOBOB, TO OKaxKeTCH, 4YTO HeEMpOOMaCcTHI 
HHKOrla MOUTH HE BCTPeuatollluecd Y B3POCJIbIX HACCKOMBIX, CJIeyeT CUHTAaT. 
MMA@rHHaJIbHbIMH OOpPa3s0BaHHAMM, MOCKOJIbKY OHH JeATCA B TeYeHHe BCer 
Bospacta, a HelporsMio UW HelipuseMMy C HX IpepbIBHCTbIM pocTom — oOpa 
3O0BaHHAMM JIMYHHOUHBIMH. 

STO MpoTHBOpeyve MOKa3bIBaeT, YTO BbIABJICEHHbIe PaHee 3aKOHOMEPHOCTI 
Pa3BHTHA PHMOJepMbI U e€€ NPOM3BOAHbIX He HCUePMbIBaIOT BCerO pasHOOOpa3sHs 
THMOB pocTa, HaOJNO,aeMbIX B OPraHH3Me HaCeKOMOPO, MH BPA JIM MpaBHJibHC 
mepenecenue HX Ha pasBuTHe BCero OpraHH3Ma HaCeKOMOrFO JIA OOOCHOBAaHHS 
TeX HIM HMHbIX PHMOTe3, KaCalOULHXCA MHAMBNAYaJbHoro pa3sBuTHA HAC@KOMBIX. 


Mucrutyt mMopdosormu xKuBoTHBIX HM. A. H. Cepepyopa Ilocrynuo | 
Axkajlemuu HaykK CCCP 21 I. 1960 ; 
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PHHPOBHOJOTH A 


K. C. APBY3OBA u B. B. MATPHKEEB 


BJIMAHWHE OBPACTAHHA BAJIAHYCAMUH HA KOPPO3HIO 
HEP)KABEIOWIEM CTAJIM B UEPHOM MOPE | 


(II pedcmaeaeno akademuxom A. A. Baaandunoim 6 XII 1959) 


Bansanne OpraHu3MoB OOpacTaHHs Ha KOPpO3HI0 MeTaJIJIOB B MOpe OTMe- 
alocb B paje HaOmogenni (*~*). B uacruocTu, B muTepaType NocmeqHero Bpe- 
€HH PaCCMATPHBaJICA BOINPOC O BO3MO%KHOM BJIMAHHM OasAHyCOB (ycoHOrux 

PpaKOB) Ha KOppO3HtO pa3JIMUHEIX CTael (°~8). Oro BAMAHMe, C OMHOL CTOpOHHt, 
MIPHMUCHIBAJIOCh CO3RaHHIO SJIEKTPOXMMHYeCKOH Mapbl 3a cuer oOOpa3s0BaHHA 
aHOMHOrO yuacTKa MO OCHOBaHWeM JOMHKa OalAHyCcoB, a C Apyrol,— pac- 
CMaTPHBaJlOCb KaK Ppe3yJIbTaT JeCHCTBUA Ha MeTAJIJI MpOLyKTOB %KHSHEMeATEIb- 
HOCTH WIM THHCHHA STHX KMBOTHHIX. OMHaKO B YKa3aHHbIX BbILe padoTax ITH 
MOJOKeHHA HE HMeIOT JOCTATOUHO YOeMMTeJIbHBIX MOKasaTebcTB. KaxKeTca 
CTPaHHbIM, 4YTO Apyrue PopMbl MakpooOpacTaHuA — Takue, KaK MIUaHKH, Tpy6- 
yaTble YePBU, TUAPOUAbI HM Ouccyc MUAMU,— He OKasbIBaIOT BIMAHHA Ha KOp- 
po3uto cTameH, XOTA MO HUMH, NO-BHAMMOMY, TaKKe JOJDKHbI BOSHUKATb aHO]- 
Hbl€ yUaCTKH, WH, TaK Ke KaK Hf y OasIAHYCOB, MPOAyKTbI HX KU3HETCATEbHOCTH 
QOJMKHbI ObIM Obl CHOCOOCTBOBaTb BOSHHKHOBeCHHIO MpOleccoB KOppo3HH Me- 
Tama. [losTOMy HaM MpelcTaBJIAIOCb BeECbMa CYIICCTBCHHbIM BbIACHHTb IlyTeM 
MOCTAHOBKH COOTBETCTBYIOIWHX OMbITOR MpPHIMHbI OOpa3s0BaHHA KOppoO3HH He- 
pxKaperomleH cTasu Mpexye Bcero MO NpHKpelJIeHHbIMH Ha He OasAHycamu 
KaK OCHOBHBIMH OpraHu3Mamu OOpactaHua B UepxHom mope (°). 

Jif BbIACHeEHHA BOMpoCca O BO3HHKHOBCHHH XMMHUeECKOH KOPpO3HH B pe- 
3yYJIbTaTe BOSJCHCTBUA Ha MeTAJJI IIpOAyKTOB OOMeHA XKHBbIX WH MpOYKTOB 
Pa3JIOKeHUA OTMEPWINX OaJIAHYCOB OblwIH MOCTABJICHbI OMbITbI Ha WwIaCTHHAaX H3 
MpaMopa, KOTOPBIe HCKJOUAIH BO3MOXKHOCTbh IICKTPOXHMMYECKOH KOppoOsHH. 
Kpome Toro, MpaMOp OTHOCHTeJIbHO JIErKO MOKET MOABEPrHyTbCaA paspylieHHt1o 
NpW WeHCTBUH Ha HeTO axe C1aOOKUCJbIX MpOLyKTOB. Bropok Bompoc Opi CBA- 
3aH C BbIACHCHHEM HAJIMUHA IeJIeH WIM 3a30POB, Kya MOMKeT MPOHHKHYTb MOP- 
CKand BOJa, M@xKy OCHOBAaHHeM JOMHKa OaJIAHyCOB MU CyOcTpaToM, K KOTOpOMy 
OHH Ipukpenusmucb. Jina 9TOFO OblNIM MOCTABJICHbI OMbITHI Ha WwlacTHHaX U3 
HepxKaperollleH cTamu Mapku 1XI8H9T, o6njeH nonjaqb1o 8892 cm? nH M3 CTeK- 
na nuougaybro 3960 cm?. Jima Toro uTo6pl O6leruuTb HaOJIOJeHUe 3a MJIOTHOCTbIO 
IPHKpelJIeHHA MOMOWBbI OasIAHYCOB K CTeKJY, B PaMKM M3 MweKCMraca BCTaB- 
IAJIMCb CJIBOCHHbI€ CTCKJIAHHbIC MaCTHHbI. TakuM OOpa3oM, Kaxkjlad MWiacTuna 
o6pacTala TOJbKO C OHOM CTOPOHHI. 

Bee onmpiTuble MlacTHHbl OblJIM yCTaHOBJIeHbI B MOpe B Mae 1959 r. B Batym- 
ckoM opty. Uepe3 6 Mec. OHM ObIIM NOABeprHyTh! UCCMeLOBaHUIO B Madopa-- 
ropun. . 

O6pa6oTKa MpaMOPHBIX IlaCTHH MOKa3aJla, YTO Ip TrycToTe NoceleHua Ha 
Heli Oasmuycos (Balanus improvisus Darwin, B. eburneus Gould.) 20 2 9k3emn- 
apoB Ha | cm?, Cpe KOTOPBIX ObIIM Kak %KMBbIe, TAK H MepTBbIe POPMbI pa3- 
NM4HIX pasmMepos (oT 0,1 yo 1,3 cm no HanOoubulel OCH OCHOBaHUA), KOPpo3nH 
Mpamopa, XOTA Obl B BUe TONbKO CaOoro HapylleHusA MOJIMpOBKH, He HaOsIO- 
yanocb. M13 aToro cmenyeT, YTO ECM MpOLyKTHI OOMeHA WIM THMeHNA OaJIAHyCOB 
He OKa3bIBaJIM BIIMAHMA Ha MpaMop, TO TeM Oovlee HEIb3A MpemMOMaraTh UX BJIMA- 
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HHe Ha CTaJlb. OTCyTCTBHe KOppO3HH Nok OalAHycaMu Ha MPaMOPe, BOSMO*KHE 
CBA3aHO C HEMPOHMIaeMOCTHIO MOAOUIBEI JOMUKAa OasIAHYCOB, Kak STO OBINIO MC 
Ka3aHo B paoote K. C. Ap6y3osoli (°). OHakO BO3MO?KHOCTH BIMAHHA MpOsyt 
TOB THHeHUA GasIAHyCOB Ha CyOcTpaT, Ha KOTOPOM OHH CHAT, HE HCKJIOTeH 
B TOM PeAKOM Culyyae, Kora OaAHYCbI NOrMOaioT MOA MOTHO MOKPbIBAIOLLMM 
HX J[PyruMu Opranu3sMaMu (MINaHKamMu WM ryOKamu) MW Kora UX MOJOWIBAa MORE 
MOMBeprHyTbCH PaCTBOPeHHIO STHMM TIpoxykTamu rHneHUA. B Hallux oMnbita 
TaKUX CylyyaeB He HaOOMaNOCch. PKemaTeIbHO NOCTABUTb CMeWMaJIbHbIe OMIT, 
Ha MpaMope C HCKYyCCTBeHHO yOuTBIMH OaJIAHyCaMH, JOMHK KOTOpbIX CBepXx 
3aKPbIT apactbuHOM, KaK 3TO MbI elas panee C OanAHyCaMN B OMbITaX, B Kt 
TOPHIX BEIACHAJIM MPOHHIMaeMOcTh ux MoRowBe! (°). OrcyTcTBHe KOppO3HH Mp; 
MOpa Ha CBOOOJHBIX OT OOpacTaHuA yyaCTKax, 3aHHMMaAIOWIMX Ha HalWMX MMacty, 
HaX H€3HAYMTEIbHYIO MW0Wlalb, yKa3bIBaeT Ha TO, YTO MpOLyKTHI OOMeh 
W THHCKMA OpraHu3MOB OOpacTaHus, B YaCTHOCTH OalAHYCOB, IPH BbIeIeHy 
B BOY TepAIOT CBOM KHCJIbIi XAPakTep HM HE OKA3bIBaIOT BO3EHCTBUA Ha Cyt 
cTpaT BOKpyr ceOs. 

Jl BEINCHEHUA HaMUMA 3a30pOB (y3KHX Llevlel) Mexay MOROWMBON 6; 
JIAHYCOB HM CyOcTpaTOM (CTeKJIOM) MBI IIpHMCHHJIM MeTOJ, JIOMMHECICHTHOK 
(PeEKTOCKONMU, OKpalluBad OOPOCiylO CTOPOHY CTeKJIAHHDbIX MWaCTHH PacTBOpO 
JomMuHO@opos. Hamu Obil ucnomb30BaH JIOMOreH BOHO-roslyOoK (BO]HD 
pacTBop) HM sJOMOreH CBeTMO-%KeNTH (CeH3HHOBLIM pacTBop). OxkpalllenHb 
IaCTHHbI NpOCMaTPHBaJIMCb B MOJICEBOM JIOMMHOCKON, a 3aTeM NO U3Jly4eHHe 
KBaplleBoli JlaMMbl B Ja6opaTOpHOM siOMMHOCKONe. O6a mOMuHOOpa aBas 
OCTaTOUHO HHTeHCHBHY!O OKpaCcky. 

B 9THX ONbITaxX HaMH OblIO OOHAPY2KCHO NPOHHKHOBEHHE JIIOMMHOOpOB NG 
OCHOBaHHe TOJIbKO HEKOTOPHIX OaJIAHYCOB, YTO yKa3bIBaJlO Ha HaMUHe NOX HAM 
cBoOoqHOoro mpocrpanctpa, T. e. 3a30poB. Iloq OoubuIMHCTBOM xe OaJIAHYyCO! 
Tak Ke Kak NO MUaHKaMu M TpyOuaTbIMM YeEPpBAMMV, TAKHX 3a30POB He HaOJKG 
anocb. Sa3o0pbl, OOHapy2KeHHble NOW OaisHyCaMu, ObIJIW HECKOJIbKMX THMOE 
1) 3a30p, 3AHMMAIONLMH KaKyt!O-TO YaCTb TwOWlaqH MO OCHOBaHueM OaJsIAHYyCO 
(B Hallux ompitax oT Y/, no 1/,); 2) 3a30p, HMeIOWIMH paqNasbHbIn XapakTe 
HW CYKUMBAIOWMUCA OT Kpad MOMOWIBbI K WeHTpy; 3) Web MO Kpaio JoMuKa Gaus 
HycoB; 4) y3KaH Web MEKLY HEKOTOPHIMM MJIOTHO COMpMKacalouluMUucsaA JOMY 
KaMH OaJlsHycoB. TakuM OOpa3oM, OIIbITbI C IPHMeHeEHHeM JNOMHHOOpPOB NoKé 
3aJIM, TO MeXKTY NOMOWBOM OasAHyCOB u CyOcTpaTOM MOryT ObITb 3a30pbI 
4TO OHH TIO CBOeH topMe B 3HAYHTEbHOH Mepe COOTBETCTBYIOT KOPpO3HOHHBbII 
A3BaM, HaOsNOMaBIIMMCA Ha IwacCTHHaX H3 Hep rKaBerolleH cTau. 

J{ia yCTaHOBJICHHA HaJIMUHA 3a30POB MEXKTy OaslaHyCaMU HM MeTAaJIJIOM OBI. 
IIPHMe€HEH MeTO, raJIbBaHHuecKoroO HHKeIMpOBaHHA. Han6omee NoKa3aTesIbHbl 
pesyJIbTaTb! ObIM MOyYeHbI IPH HUKEMPOBaHHH WaCTHHbI C MOCeyIOUlM) 
OCaKeHHeM HeEOOJIbIUOFO KOJIMYECTBA MeH, YTO MpHyaBaslo ocalKy KpacuosBa 
THI OTTCHOK M Jesano ero Oomee MIOTHHIM. J]Isd MpOBepKu 9TOTO MeTOsal HE. 
KOHTPOJIbHOM TWwacTHHe ObWIM CheaHbl WrIOH UCKYCCTBeHHBIe WeH B MOJOWB 
HECKOJIbKUX (*°) OalaHycoB cOoKy ux ZomuKos. IIpu 2TOM OnlIo OOnapyxKeH 
OCaK]CHHe MeTaJJ1a BO BCCX UCKYCCTBEHHBIX WIeIAX, TAK 2%Ke€ KaK MU Ha CBOGOT 
HbIX OT OOpacTaHHA yuacTKaX TwaCTHHbI. ‘ 

HukeuiMpoBanne ONbITHBIX WaCTHH NOKa3as0, YTO HAKeAb NpOHNKas M0; 
NOAOMBY TOKO TeX OaJIAHYCOB, NO, KOTOPHIMH IIpH Mocmexyrouleli O6padoTk 
Oba OOHapyKena ASBeEHHAM KOppo3sua cTamu. Ecau He Oblwi0 MpOHHKHOBeHM: 
HUK@JIA MO OalAHyCc,— Ha MeTae HOA HUM He ODIO WH KOppO3HOHHBIX 513B 
OTO CJLY2KUT MOKA3aTEbCTBOM TOTO, YTO KOPPO3HA CTaIM MON CanmHyCamMu MOP. 
BOSHHKHYTb TOJIbKO IPH HaJIM4YHH 3a30PpOB, Kya HPOHWKaeT MOpCKasa Boma 
Ilo-BuyquMOMy, BO,a, MPOHNKWAaA NOX JOMUK OasIAHYCOB, MCHACT CBOIO XapaK 
TepHCTUKY, TepAA KaKOe-TO KOJIMYECTBO KuCMOpOMa, Kak eloApHsatTopa Mp] 
KOPpO3HH, IpH OOpa3s0BaHHu s3acTOHHO s0nBI. BenegeTBue 9TorO HacTyMaro 
ONarOnpuATHBIE YCOBHA AVIA MpOTeKaHHA MpoweccoB KOppo3suuM MeTassa 
Kpome Toro, He HCKJOUeHa BOSMOXKHOCTh BOsLelcCTBUA Ha MeTAaN NpopyKTo! 
oOmeHa OaKTepHii, CKOMJIAIOUIMXCA B y3KUX Ulemax (2°), 
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Tipu o6paGorKe o6pocwimx muacTuH Obl MoyyeH craTucTuuecKHit mate- 
asl, XapakTepH3ylOulMH YaCTOTy BCTpevaeMOCcTH A3BeEHHOH KOppo3Hu OR, 
JIAHYCaMU. ITO ObisIO TeM Gosee HEOOXOHMO, UTO B HALUMX OMbITAX Ha CTA bHBIX 
acTHHax Opila OOHapyKeHa ASBEHHAA KOPPO3MA, BOSHUKIMAA Ha CBOOOAHDIX OT 
pacTaHua yuacTKax cTaJiM. Si3BeHHOe Nopakenne OblIO OOHApyxKeHO TakixKe: 

MlacCTHHaX, HAXOJMBUIMXCA B MOpe B KapKace, OOTAHYTOM MWIaHKTOHHBIM 
30M, KOTOPbIt MCXaHUYeCKH NpesOXpaHAN MWacTHHbl OT pasBATHA OpraHH3MOB 
akpooOpacranHna. 

Ha crampupix MlacTuHax Obl0 mpocmotpeno 10 630 Gamanycos. A3BeHHan 
pposua cra Oplia OOHapyxKena TOMbKO TOR 16 GasHycamu, YTO CocTaBAAeT 
kero 0,15% or OOulero YHCIa MpOcMOTPeHHBIX. STO XOpoio NoATBepxKaeTca 
bITAMH HW Ha CTCKJIAHHBIX WAaCTHHAaX, Pye ObliIo WpocmoTpeuo 3460 GanaHycos, 
TOMbKO y 12 9kK3emMIApoB, uTo coctaBsneT 0,3%, OblO0 OOHApyKeHO HaIMUHe 
lagz0pOB MexKy MOOWIBOH Hu cyO6cTpaTom. 

O6pasoBanne 3a30pOB MO HEKOTOPbIMH OadAHyCaMH, HO-BHJMMOMy, MO2KHO 
ObACHMTb YACTHUHDIM 3arpASHEHHEM H M€XaHHYeCKHM JectbeKTOM MOBepXHOCTH 
JaCTHH, YTO HAMM JOMOJHHMTeIbHO BbIACHAETCH. 

B pesysbrate npoBeqeHHok Ha UepHom mope paoorTbl MbI IIpulWiM kK Cemyto- 
e€My 3aKJIIOUCHHIO: 

1. Bansuycst nioTHo MpuKpensawtcs K cy6cTpaTy. OjHako B eRHHWUHbIX 
ayyaax (0,15—0,3%) mMexay cyOcTpatom (HepKaBelolllad CTaJb, CTeKJIO) H 
(OMOWIBOH GOalsHycop OOpa3syloTca y3kue wWenu —3a30pHl. Hanuuue 3a30po0B: 
(oO OasAHyCaMu OMycKaeT MPpOHHKHOBeHHeE MOPCKOH BOIbI MOA UX NOLOWBYy, 
, pesyIbTaTe “ero BOSHUKaeT DeCKTPOXUMNYeCKad KOppo3suA. IIpu oTcyTcTBHH 
a3OpOB MIpoueccbl A3SBeEHHOH KOppo3sHH Nox OalsHyCaMH He BO3HHKAIOT. 

2. IlpoayKTp! oOMena OaJInHycoB, KaK NpaBusio, He COMpMKacatwoTca Cc Mo- 
;EPXHOCTHIO METaJIJIa H He CMOCOOCTBYIOT BOSHHKHOBEHHIO IIpOleccoB KOppo3HH 


Tamu. IIpomyKTsl pasioxKeHuA Ip OTMUPAaHUH OaAHYCOB OOBIYHO BBIMBIBaIOTCH 


[3 JOMUKa UM MOSTOMY TaKxKe HE ABAAIOTCA NPMYMHOH KOppo3suH CTaIM BOKPyr 
KHBOTHEIX. 

3. ABNeHHH ASBeEHHOH KOppO3HH MO TakKHMM OpraHu3MamMu OOpacTaHus, 
‘aK MILaHKM U TpyOuaTble vepBU, He HaOTOMaeTCA, YTO OOYCOBIeHO, MO-BHLH- 
[OMy, OTCYTCTBH€M 3a30POB M@XKILyY HUMM HW MeTAJIJIOM, K KOTOPOMY OHH IJIOTHO: 
IPHKpellJIeHbI. 


VUuctutyT oKeaHouorun Tlocrynuao 
Axkajlemuu Hayk CCCP 2 XII 1959 


VMuctutyt oprakuueckoli xuMun 
Axagemuu Hayk CCCP 
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Jloxxagn Axagemun nayr CCCP 


1960. Tom 132, Ne 3 


THIPOBHOJIOIH) 
ne 


H. HW. TAPACOB u H. B. YJIAHOBCKHH 
BJIAAHHE MOPCKHX >KEJIYEH HA KOPPO3HIO 


YIJIEPOAMCTOW CTAJIM 


(ITpedcmaeaeno axademuxamu E. H. Ilaeaoecxum u II. A. Pe6undepom 4 I 1960) 


{ 


B mpempilyuei padore Obiso paccMOTpeHO BAMAHHE MOPCKHX *Kesly lek H! 
KOPpO3HIO Hep KaBelOWlHxX CTaleH (*). IIpeqcraBa0Cb BaxKHbIM H3y4HTb ori 
BIMAHHE Ha KOPpO3HlO yrviepOANCTON CTaN, WIHpOKO TIpHMeHAeMOH Wid cTaaH 


Puce. 1. OOpacranue crambHoro oO6pasia MOpCKHMH >xKe- 


ayaqamu (1 : 2) 


HbIX KOHCTPYKIMM B MOPCKO! 
Bowe. OSTOMY HM MocBsALuLeH! 
HacTosilad padota. ONbiTY 
IIpOBOMsIHCb Ha UepHom MO) 
pe M0 MeToquke, OMMCaHHO! 
paxee (’). 

Iloy, u3BeCTKOBLIMA ocHe 
BaHHAMM JIOMMKOB MOPCKH! 
*KeJyHeH MOXKHO HadvoOLaT! 
XOPOINO COXPaHMBLUIy10cA NO 
BepXHOCTb yr lepOAuCcTO: 
cTasH, Jlaxke mocse npeOpr 
BaHHA B MOPCKOM Bose B TE 
YeHHe HECKOJIDKUX eT. Tak 
AaBTOpbl HeOMHOKpaTHO Ha 
O10aIn STO Ha NOABONHO: 
yaCTH KOpIycoB CcyJ0B HH 
PU poTexHuYeCKHX COOpy Ke 
HuUAX. OcoOeHHO XOpOUO cc 
XPaHAeTCA MOBeEPXHOCTb Me 
Tala, ecu O6pa3ubl 0 


'py2XKeHbI B MOpPe B MOPy MHTeHCHBHOTO OCeaHMA JIM4HHOK MOPCKMX ely 
eli Ha cyOcrpatnl. Tora ocHOBaHHe JOMHKa OGpa3yerca Ha MOBepXHOCTH, JO 
CTaTOYUHO CBOOOAHOM OT MpoxyKTOB Koppo3suu. UacTo mopckue x*KeyAu pace 


JIOWKEHbI HACTOJIBKO TVIOTHO, YTO Me*KLYy 
WX OCHOBaHHAMM MOUTH He OCTaeTCA Mpo- 
M@KYyTKOB. IloceeHve MOpCKUX *ey Jel 
B OMMH PA cosqaeT yxKe HaexKHbIM 3a- 
ULMTHBIH COW, SHAYHTeJIbHO CHU KAIOULNH 
ckopocTb KopposuHv. Jia nomyyenua KO- 
JIMYeCTBEHHBIX J(aHHbIX OTOMPasucb 06- 
Ppa3ibl, MOBEPXHOCTb KOTOPHIX ObiIa M0- 
KPbITa IMPeHMylecTBeHHO MOPCKHMN >Ke- 
JYAAmMH (puc. 1). Jima cpaBHeHHa B3ATHI 
oOpa3ibl, MOcTaBJeHHble Ha UCMbITanHe 
O]HOBPeMeHHO, HO WpakKTHYeCKH JIMUIeH- 
Hble OOpacTaHua. 

B Ta61. | npupeyenbt jaHHble 10 uH- 
TCHCMBHOCTH KOppoO3HH OOpa3illoB Mocse 


Ta Ori aul 


CxopocTb KOpposHH OOpa3sloB H3 cTad 
Cr-3 (B rpaMMax Ha 1 M? B-yac) 


O6pacra- O6pacraHne 
Ne o6p. Hue 
coJIomHoe OoTCyTCTByeT 
1 0,038 0,082 
2 0,043 0,094 
3 0,029 0,086 
4 0,032 0,072 
5) 0,045 0,078 
CpeyHee 0,037 | 0,082 


6-MecauHoro ucibiranua B Hopopoccnitckolt 6yxTe. O6pasup! ObwiM NorpyxKewl 
B MOpe B UIOHE, B NOpy OOubHOrO OCeqaHHA MOPCKHX wenyneh. M3 Ta6nnw 
BUHO, YTO MPM CIMOWHOM OOpacTaHHH MOPCKHMH XKeJYAAMH CKOpOCTb KOT 
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3HM YMeHbIIMIacb MpHMepHO B 2 pasa. Tipu yBeMuennu cpoKa ucnbirannit 
XCHOSHIIMH) 9TA PasHUla CTAaHOBMNACh elle 3HauNTebHee. AnamorvuHple pe- 
AbTATHI ObIIM NOJYYeHb! MPH MCIbITaHUM OOpasHoB B ApPyrux nopTax. 3anmwT- 
{@ CBOHCTBA MOPCKMX X%KesyeH MpoOABMAIOTCA He TOJbKO Ha yrmepomHcTDIX 
amax. Tak, pe3Koe CHHMKEHHE CKOPOCTH KOPpO3HH ObIIO OTMeYeHO paHee pu 
pacTaHHH MOPCKHMH 2KeJTYAAMM MaJIOJIErMpOBaHHbIX CTaseH (?). 

Kak U3BeCTHO, yrvIepOAMCTHIe CTaIM B MOPCKOM Bose MOryT paspywiaTEca 
60 BClefcTBHe OOpas0BaHHA MMKPOraNbBaHHYeCKUX 9JIeMeHTOB, sH60 pa- 
TOIO Makpollap. PaccmoTpuM, B 
KOM CTeMeHM STH MpOllecchl KOp- 
3HM MOryT TOPMOSHTECA MON u3- 
CTKOBbIM OCHOBaHHeM MOPCKO- 

Key AA. eat ‘ 
1. B mopcKoH Boye Kopposua 
OUCXOZUT C KMCMOPOAHOK Jeno- 
pusalluei, MosTOMy pa3pyllle- 
@€ MeTaJlla J[@ATeIbHOCTbIO MH- 
DOraJIbBaHHyeCKHX 3IJIEMCHTOB 
3MOX%KHO JIMMWb TOra, Kora k 
OBEPXHOCTH MeTAaJJIa MOCTyMawrT 
la MH Kucopoy. Ecrecrsexxo, 
rO OCHOBaHHe JIOMHKa, COCTOA- 
ee U3 IWIOTHOM MAaCCbI KaJIbILuTAa, 
oelatcTByet sTomy. IIpu gocta- 
DYHOH CIJIOWHOCTH H IJIOTHOCTH 
PeiclanuA- OCHOBAHUe MOMMKA pyc. 2. Visnecrkosiifi cnoil wa moBepxHocTH 
MBOrO MOPCKOrO 2KeJyAA Wwpak- cTaIbHolt cBau (HaT. Bed.) 
yeCKN BOOOMLE H30JIMPYeT CTaJIb- 
bi HOBEpXHOCTb OT arpeCCHBHOrO JeHCTBHA KUCMIOpOMa H MOPCKOH BOJbI. 
[las uccneqoBpanua MWIOTHOCTH MpHwieraHHA OCHOBAaHHA PaKOBHHKH K CTAaJIb- 
OM NOBEPXHOCTH NOOMbITHbIe OOPaslbl C IPHKPeMJICHHbIMH K HX MOBepXHOCTH 
3BECTKOBbIMM JOMHKaMH NOBepraJiH TasibBaHuuecKoMy MeqHeHuIO. JIA TOrO | 
rOObl U30e%KAaTb PAaCTBOPCHHA HSBECTKOBHIX JOMHKOB, IIEKTPOMH3 MpOBOAMICA 
WeEJIOYHOM 3JIEKTPOJIMTe HM Obl KpaTKOBpemMeneH (S—10 muu.). Ilocame amexK- 
JOH3a M3BECTKOBbIC NOMUKH YaJIAJIMCb, MOBEPXHOCTb NON, HAMM MpOMbIBaaCcb 
aCTOH BOOK u cuupTom. Ilo pa3mepaM u KOHTYpy OMeHEHHOM NowWaqH Top 
SHOBaHHeM JIOMMKa Cy (C MAKPOCKONOM) O MOTHOCTH IipuseraHuaA OCHO- 
AWW HU O HaJIMYMH 3a30PoOB. 

IlpopeqeHHble ONbITHI NOKA3aIH, YTO OCHOBAHHA JOMMKOB XKHBbIX MOPCKHX 
enyleH O6aaroT OosIbIWON CIIOWIHOCTbIO U, KaK I1paBuJlO, MJIOTHO MpHkpell- 
AOTCA K MOBEPXHOCTH CTaJH. 

2. B HeKOTOpHIXx CJIy"aAX, IPH MPOHHKHOBeHHH BOI MO OCHOBAHHE JOMUKa, 
IEKTPOQHHIN MOTeCHIMAa MeTAaJJIa MOA TOHILIKOM MOxXKeT ObiTbh OTPULAaTesbHee 
oTeHUMaNa OKpyxaiouleH moBepxuoctu *. [IpH sTOM MOBepXHOCTb MO, OCHO- 
AHMeM OyeT paOoTaTb KaK AHO] M paspyWlaTLca, a OKPyKarollaA MOBeEPXHOCTb 
BUTCA KaTOJOM. OnucaHHad Makpolapa MOKeT 3aMbIKATbCA YePe3 MAHTHHHYIO 
WIOCTh MH H3BECTKOBOE OCHOBAHHE, OOaaoulee MOHHOM MpOBOAMMOCTDbIO, HIM 
pes Y3KHH 3a30Pp M@XKMy MOBeEPXHOCTbIO MeTaJIJIa H OCHOBaHHeM JOMHKAa. 
HakO BO BCeX TaKHX ClyYaAX paspylleHHe OyfeT HesHauHTebHO. OObac- 
AeTCA STO CJIEMYIOULUM. 


* Tak, Ip HapywleHHH MIOTHOCTH NpHeraHaA OCHOBAHUA JOMMKa K CTaJIbHOM MOBepXHO- 
HM HM OOpas0BaHUM 3a30POB BO3HHKAIOT rabBaHHueckne Mapbl BCMeACTBHe ABEHHH WHUdipepex- 
lanmbHoH aspauun (%,*). B sTom ciyuae, B pesybTaTe 3saTpyMHeHHOrO MocTyNa KUCMOpoa 
Y3kH 3a30P, 9MCKTPOAHHI NOTeHWMa CTabHOM MOBeEpXHOCTH MOA OCHOBaHHeM CABHraeTCAa 
OTPHIaTebHyIO CTOPOHY, TaK KaK C YMeHbUIeHHeM COMepxKaHNA KUCTOPONa MOCeLHHU pas- 
laropaxupaetca (5). IlopepxHocTb No OCHOBaHHeM MOxKeT TaKxKe HMETb OoMee OTPUMAaTeNb- 
Id MOTeHWMAI, YEM OKpYy2Kalollad MOBeEPXHOCTb, MOKpbiTad MpOAyKTaMM KOppO3HU, TaK Kak 
BECTHO, UTO MOBEPXHOCTb, HECyMat MpOAYKTHI KopposHu, KaTOAHa 10 OTHOWeHMIO K GOonee 
cro (°). 
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a. B meppom culyuae, MpH 3aMbIKaHHM Wapbl Yepes MaHTMMHY!O NOJOCTh | 
JOHBILUKO, H3BECTKOBOe€ OCHOBaHHe Ppe3KO YMeHbIWaeT CHJY TOKa JIOKAJIbHbI. 
Map BCeqCTBHe yBeJIMYeHUA BHYTPeHHEero ,conpoTuBeHua (°). | 

Jia BbIACHCHHA BJIMAHUA ZTOTO tbaKTOPa H3MePAJIOCb CONMPOTMBJeHHE U3 
BeCTKOBDIX OCHOBaHMH JOMMKOB. Buavyase H3MepAsM CONPOTHBJeHHe MOPCKO) 
BOJbI M@XKLY JBYMA WwlaTHHOBBIMH MWaCTHHKaMH, HeIC 
JBUXKHO YKPeIJIeCHHbIMM B CTeCKAAHHOM uB8OrHyTOH Tpy6 
Ke (7). Satem B TpyOKy MOHTHPOBaJIOCb OCHOBaHHe JC 
MHKa MOPCKOrO KeJlyAA HU CHOBA H3MEPAIH COMpPOTUBJIE 
HHe MexkLy WiacTuHKamu. [3 mojyyeHHOrO COMpOTHB 
JIGHHA BbIYHTaOCh HaualbHoe. HaligqenHaa Takum oC 
pasoM pa3HOCTb. ONpeleasa BeMMIMHY COMpPOTMB/eHH! 
OCHOBaHHA. | 

ConpoTHBJIeHHe OTJCJIbHbIX OCHOBaHHH (B OMbITaXx 
KoleOasiocb B pegenax 800—980 om. YyembHOe co 
Puc. 3. Ipopacranue MPOTMBJIeHHe HX COCTABMAeT MECATKM TBICAY OM-CM, T. € 

MOPCKHX >KesyJJeit B THICAUH pa3 OOJIbIWe COMPOTHBJIGHHA MOPCKOM BOTE 
CKBO3b MvleHKy KaMeH- (papHoro 30—40 om-cm). | 
eee Rete 6. Bropolt cayuaii, 7. e, saMbikanne rasbBaHH4ecKOl 
Cuato cKBo3b Heo6poc- TWapbl Yepes y3KHH 3a30p Mex Jy OCHOBAHHEM JOMUKAa J 
ly!0 oOOpaTuy1o croponHy MOBeEPXHOCTHIO MeTAaJJa, ABJINCTCH THIMMYHbIM WIA KOp 

creka (2 x) po3sHH yIviepOMCTHIX CTameH B y3Kux 3a30pax. Mecue 
JOBaHHA MOKAa3bIBaIOT, YTO HM B 3TOM CJly¥ae KOPpo3us 
HuYTOKHA (%). OcHoBaHHe JOMUKAa JWINTeJIbHOe BPeMA, YaCTO HECKOJIbKO eT 
MOXKET CJIYKUTb 3allluTOH OT KOppo3suu. Ilocae cmepTu MOpcKoro *KeayAA TOT 
HOCTb IIpHJleraHHA OCHOBaHMA K CTaJIbHOM MOBepXHOCTH OCMaOAeTCH. Ouua 
KO, HECMOTPA Ha TOcTemeHHOe YMeHbIeHHe | 
3all|MTHbIX CBOHCTB OTIEJIbHbIX OCHOBAHHH, 
KOPpO3vA CTaJIbHOHK MOBepXHOCTH HEPeKO Ckopoctb KOPpO3HU CTaJIBHBIX cBalt | 
OcTaeTCA HEOObIIOH.ITO OObACHACTCA TEM, (B rpaMMax Ha 1 Mm? B yac) | 
YTO TlOCJIe CMepTH MOPCKHX *Kesyeh u3Be- 
CTKOBBbI€ HX OCTATKH, PlaBHbIM OOpa3som Oc- - 
PH H3- Bes u3BecTKO 
HOBaHHA JIOMMKOB, CO BPeMeCHeM CO3]alOT Ne o6p. BecTKOBOM 
Ha CTaJIbHOM MOBeEPpXHOCTH CIVJIOWIHOM TO- ey 
CTbIM H3BeECTKOBEIM COM (puc. 2), uTO oT- 


Tabduuna 2 


BOrO CNOA 


yaCTH KOMIIe€HCHpyeT OCaOJIeHHe 3alllHT- 4) 0,017 0,032 
HbIX CBOHCTB OTJ[@JIbHbIX OCHOBaHHH. 3a- 2 0,023 0,046, 
WHTHbI€ CBOHCTBa TaKOTO COA BULHbI 13 3 0,015 0,088 
TaOuJl. 2, BKOTOPOH NpHBeeHb! CpaBHUTeJIb- 5 ite Shane 
HbIe JaHHbI€ MO CKOPOCTH KOppo3HH AByX : : 
cepHi O6pa3yoB *, BbIPe3aHHbIX M3 CTaIb- Cpeauee 0,018 | 0,043 
HBIX CBaH, HAaXOJMBUIHXCA B MOPe OKOJIO 


20 mer. B ofHOW CepuH MOBepXHOCThb O6- 
pa3IlOB NOW CJIO€CM XKMBOTHBIX HCA H3BECTKOBIM CJIOH TOMUMHOH Wo 2 cm. | 
Apyrou cepuu oOpacranue WH M3BeCTKOBbI COM MpakTHYeCKM OTCyTCTBOBaM 

Illupokoe pactipocrpanenue M MaccOBOCTb MoceeHu MOpCKUX xKenyzei 
HesaioT WX BayKHbIM (aKTOPOM B Mpoweccax sallMTbl OT KOPpo3sHH rus~poTex 
HHYeCKUX COOPyKeHUH. 

I]pu HalH4HH maKOKpaCOUHBIX HOKPBITHH Ha CTAIbHbIX HOMOMBITHBIX 06 
paswax HaOHOLaIMCh EMMHUYHbIE CYA paspyWeHHA KOJbUEBOL dopMET, pac 
MOJOKEHHOTO MO NepHMeTpy JOMMKa MOpcKoro %xKeyyqA. OOnacuserca a7 
cenyroulumM. B mpowecce pocTra OCHOBaHHA MOPCKOrO *KeyAA OHO OKAa3bIBae 
AaBslenne, Tpexje H CHJIbHee BCero MO CBOeMy KOHTYPy, Ha Mpuseraroutyt 
JaKkOKpacouHylo MWieHKy, MOCTeMeHHO HaTATHBAIOMLyIOCA Ha CTe€HKH JOMUKA 


* 
CkopocTb kKoppo3HH, noka3aHHad B Ta6A. 1, 3HauHTeMbHO BbIlle, yem B Tabn. 2. Ot 
OObACHACTCA HEOLMHAKOBOCTHIO CpOKOB MpeObiBaHHsa CTamH B Mope. BemegcTBHe oOpasopaHH 
MICHOK H3 MpOAYKTOB KOppO3HH, CKOpOCTb KOppO3HH CO BpeMeHeM yMeHbulaeTcs. 
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pesyIbTaTe OCHOBaHHe JOMUKA HapyllaeT WIeHKy 3aluTHOrO NOKpbITHA ui 
ocTuraeT MopepxuHoctu (puc. 3) mMeranua (*). [I]pu sToM BOSHUKaeT KOJIbILeEO6- 
asHbId OUar KOPpO3HM BOKpPyr OCHOBAHHA. 

GalllHTHbIe CBOHCTBA H3BECTKOBBIX OOPa3s0BaHH MpOABJIAIOTCH HE TOJIbKO 
’ MOPCKHX X*Keyqeu. Tak, pu ucnbitanuu B BaTyMulicKoM MopTy CKOpocTb 
OPPO3HH ONbITHBIX OOpasiloB H3 CTa- 
u Cr-3, O6pocimux NpeumytecTBeH- 
O KOJIOHHAMM MIUNAaHOK (puc. 4), moc- 
e3 MCC. HCIbITAaHHH Oblia HWKe Ha 
0—30%, 4uem y o6pa3ioB, oG6poc- 
UX JIMUIb HE3HAUHTeIbHO. XOTA B 
pyTux NoptTax oOpactanue Mulanka- 
MM Cla6ee H TOMUMHA ero COA MeHb- 
€, HO H TaM OHO OKa3bIBaeT U3BeCT- 
oe 3allluTHOe jeHCTBHe, NOKpbIBaa 
WaCTKH CTaJIbHOHM MOBepXHOCTH 
@KLyY MOPCKHMH %XKesyAAMU u JO- 
OJHAA STMM 3allMTHOe elcTBue 
rocnequux. Kpome Toro, KojOHuM 
mlaHoK, MOKpbiBad BCe JlexKarie 
10] HHMM OpraHH3Mbl, YCHJIMBaIOT 
IPOYHOCTh HM HeMPOHHIMAeMOCTh 3alMTHOTO CIO H3 U3BECTKOBbIX OOpacTa- 
4uH WM UX OCTATKOB, YBeJIMYMBAIOT erO COXpaHHOCTb. 3auluTHOe BUMAHHE 
A3BECTKOBbIX o6pasonannii OTMeyaeTCA HW LIA TpyOuaTEIx yepBer (Serpulidae). 
OHAaKO TpyOuaTble “epBu BCTpeualoTca B OOpacTaHHu B Hallux Bomax Uepxnoro 
MOPA OTHOCHTEIbHO PeKO. 
_ VH3noxennoe cileqyeT paccvaTpuBaTb TOMbKO MpHMeHUTeIbHO K UepHomy 
MOpio, TaK KaK B Pa3HbIX MOPAX BJIMAHHME MOPCKHX KesMyeH MOKET wu pasu- 
[aTbCA. 


Puc. 4. O6pactanne crambHOro o6pa3ya KO- 
JIOHUAMH MUlaHoK (1 : 2) 


Uucratyt okeaHonoruu Mocrynuso 
Akayemuu HayK CCCP] 20 III 1959 


| 
| 
. 
UHTHMPOBAHHAA JIMTEPATYPA 


i. be Yowrano peck wi, He Me Ta pacos, 1. M.) Keo plo s uw HAT 25; 
vo 5 (1959). 2C. A.Hpauos, H. B. YananosceKkul, MopcKok aot, Ne 5 (1951). 
M. Jl. Poseuodeaba, H. K.Mapmaxkos, )K®X, 30, 12 (1956). * 10. P. 
yBauc, Kopposvs, maccHBHOcTh MH 3amuTa Metamos, M.—JI., 1941. °® 7. B. Ak u- 
(OB. Teopusa H MeTO{bI HCCeqOBaHHA KOPpOsHM MeTaMIOB, M. sali 1946. ®H. J. To- 
(amos, KopposHa MeTaaoB Cc KACNOpoAHOHK Aenouapusaunen, M. Ld 1947, 4 Ca leaneie- 
to H, Bsegenve B smekTpoxumuio, M., 1951. § Kopposua MeTanJIoB, 1, nogq o6meh pe- 
akuve T. Yaur a, 1952. 
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Jlokxnann Akagemuu nayx CCCP 
; 1960. Tom 132, NM 3 


BHOPHSHK, 


A. H. OPJIOB u C. H. ®HUWIMAH 


K BONMPOCY O KHHETHKE PEAYMJINKAUMM 
WENOYEGHbIX MOJIEKY JI 


(IT pedcmaeneno axademuxom C. J]. Co6oneeoim 1 1X 1959) | 
| 

1. OKCHeEPHMeHTAJIbHbIe UCCIENOBAHHA MOCNIEIHUX JeT MOKasaJIM, YTO Mes 
OKCHpHOOHYKJenHOBan KucsoTa (JIHK) urpaer cylecTBeHHy!0 pOJIb B MeXé 
HW3Me HacyleqcTBeHHOCTH (cM., Hallpumep (1)), H MOSBOJIHIM yCTaHOBAT 
etpyktypy JIHK (2). B caa3u c Tum Oplvia Wpeqmowena runotesa (*), cormacH 
KoTopow JIHK apasaetca HOCHTeJIeM KOa HaCJIeCTBeEHHOH HHPOpMaluH, OMpeE 
AeNACMOH MOPAKOM pacnoJORKeHuA MWYPHHOBbIX HW MMPHMHMHOBbIX OCHOBAHH! 
B wemouke JIHK 

A priori Heacuo, MoxeT JM ObITb OGecrieyeno TpeOyemoe runoteson (3) TOUHC 
BOCIIPOM3BeeHHe NOPAAKAa HYKMCOTHAOB Mp MOMOMWM Kakoro-1HOO MpocTor 
(PH3MYeCKOrO MeXaHH3Ma MOCTpOeHHA CIOMRHOK MOeKysb! JLHK u3 umerouluxc 
B Ape HYKJCOTUAOB UM WIA STOFO TpeOyroTca cChemuduyeckHe CHJIbI B3aMMC 
HeHCTBHA, BCTPewalollMeca TOJIbKO B TaKUX CJIOMKHbIX (PU3HKO-XUMHYECKHX CP 
cTeMaX, KaK BelllecTBO KJleTouHOrO saypa. Llemb10 HaCTOAWeH 3aMeTKH ABJIAeTC 
TeopeTH4ecKOe UCCIEMOBaHHe OMHOTO H3 BOSMOMKHbIX MpOCTeHWHX MeXaHH3MO 
pelyMIMKayHn WeMOuUeUHbIX MOJIeCKYJ B MpemMoO*KeHuu, 4TO OHA HET OHC 
BPCMeHHO HO JME BCeH WeNOUKU. 

2. PaccmoTpuM calenyiollyio MOZeb Apa B HavanbHbI Moment ¢ = O mpi 
mecca pelynuiukannu. B OMHOPOHOH X2KUAKOCTH C BASKOCTHIO y, 3AHMMAIOINE 
o6beM Apa V, HaxoqaTcA w WeMoueK, MOCTPOeHHBIX M3 OOULerO KOJMUECTE 
dey, 

Ni= > n; uacTul, J COpTOB, a TakxKe CBOOOAHO WudpyHAMpyrollue ywacTuUbl 
‘ =f i . 

opyan (i= 1, 2, ..., /) B KonWenTpauun c,/V, IpHyeM HMeeTCA HEKOTOPHIH U4: 
6pItToK kcTpOuTebHOrO MaTepHasa». UacTuubl wenouek oOpa3yl0oT NOTeHWH a 
HbIe AMBI TityOunbl wv), B KOTOpHIe MoryT MonazaTb Aud byHsupyrwoulwe wacri 


ubl. Baarogqapa JlyKTyaluaAM SHeEPrHH TeIMJOBLIX KONeOaHHH, 3aXBaueHHb 
qaCTHUIUbl MOTYT NOKHaTb MOTeHUMAaJIbHbIe AMbI. C TeYeHHeEM BPeMeCHH YaCTHIE 
3aXBaueHHble BHAYaJe B CIYYAMHbIe AMBI, epepacnpesersiorca TAKUM OOpa3on 
YTO YCTAHOBHTCA KONUrYypaluA, B KOTOPOM BCe YaCTHUbI 3aHuMaIOT HaUOos 
ruryOokue aMbI. Ecuim Mocme sTOrO 3axBayeHHble YaCTHIbl COCMMHAIOTCA MEK 
coOol, a HX CBASH C WeMOuKOM-aOIOHOM OGOpBYyTCA, TO OOpasyIOTCA W HOBb 
menouek. MexaHu3M pa3pbIBa CBA3CH He BIMAeCT Ha KHHETHKY MOCTPOeHMA HOB 
wenouek WH 3eCb HE paccMaTpuBaeTca. 

Hospie WemoukH OHO3HAYHO COOTBETCTBYIOT CTapbIM (B CMbICe MOpAyE 
pacMosIOKeHuA YaCTHIL pasHbIX COPTOB), ecH, Halpumep: 


Ll 2G aes ( 


OHOSHAYHOE COOTBETCTBHE BOSMOXKHO HM MPH HEKOTOPHIX JPyruxX ycOBUA. 
HO JJIX HalMx Wesel MOCTaTOUHO OrpaHHYHTbCA paccMOTpeHHeM cuiyyan (I! 
Ecam ycuopue (1) (um 3amenstollee ero) He BbIMOJIHAeTCA, TO C TEYeHHEM BP. 
MeHH YCTaHOBHTCA HEKOTOPOe CTAalMOHapHOe pacipesetenne yacTuL i 10 AMaM | 
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KOTOPOM, OfHaKO, MOpsAOK pacnosoOxKenua yaCTHIL B HOBBIX [emouKaX He Ha- 
OMMTCA B OMHO3HAYHOM COOTBETCTBHM C MOPAKOM B»CTapbIX. 

3, OQ6o3HauuM YuCO HM Copta j, 3aHATHIX B MOMeHT ¢ YacTuLaMN CopTa /, 
epes3 xD (t). Torga paccMaTpHBaemblii Mpowecc omncbIBaeTca CuCTeMOl KHHETH- 
eCKHX ypaBHeHul 


dxf) : (/) - (/) (/), (i) uf) 
ar =U (ni) — > x )(ci re ) — x/’v/" exp (—z) : (2) 
ean 


Neal 


IlepBoe cuaraemoe B MpaBoli uacru (2) omucbiBaeT 3aXBaT YacTHIL B MOTeH- 
WaJibHbl€ AMbI, a BTOPOe — HX BbIXO, MOA MelcCTBHeM TeNJIOBLIX KONeOanHH 
yacrorolt vw!) *. Koadbpbunnext a; XapakTepusyeT 4acTOTy CTOJIKHOBeHHH JACp- 
YHIMPYIOWKX YaCTHI, C WemouKaMH HM paBeH a; = TR70; | WV, rye R; — paguyc 
acTHUbI (Mpewnmouaraemon ccbepuyeckol), v; = kT / 2nR;7b; — cpequan CKOpocTb 

My 3HOHHOFO MepeMeWeHuA YacTuubl, 6; — CpeqHAA «MHA mpobera»y, paBHaa 
ciyuae Judy3Hu B XUAKOCTH CpeHEMY M@XKMOJIEKY/JIAPHOMY paccTOsAHH1 (*). 
Havasbubie yclopua fa cuctempl (2) umeror Bug x!) (0) = 0. 
|B cayyae monekys JIHK nago B (2) nonoKuTth J = 4, J=4 uw pewmTp 
cucremy 43 16 HesuHelHEIX ypasHeHuit c 16 HeHSBeCTHEIMH (pyHKUMAMH; 9TO 
MpeAcTaBJiseT SHAUNTeIbHbIe MaTeMaTHuecKHe TpyaHocTH. Mexly Tem MOXKHO 
O%KUaTb, YTO OCHOBHbI€ OCOOeCHHOCTH KHHETHKH OYAYT BbIACHeHbI Npu Uucce- 
JOBaHHN MOCTpOeHHA WenoyKH U3 YacTuy 2 copTos. Torga cuctema (2) cojlep KUT 
TObKO 4 ypaBHeHHa. Any? 
— UroOp HalirH (MeTOOM MocJefoBaTeJbHbIX NpuOMxKeHHMK) mpHOsMxKeHHOe 
pellleHHe YMIpOlleHHOM TaKHM OOpa30M CHCTeMbI, BBeJeM HeKOTOPbIe JONOJHU- 
TeJIbHbIC YIPOWeHUA: 
| 1. IIpumem, uTo 
| Gp GPC 6D) Ean: (3) 


t 


Oro mpesnouoxweHve He IIPOTHBOPeYHT OMBbITHDIM JaHHbIM. Wass 
2. IlockoubKy Mo cCBOeMy CTPOeHHIO HYKJCOTHAbI MaJlO pa3vIM¥alOTCH 
HM MOSITOMY 3ABHCHMOCTb 4YacTOTbI KOJIeOaHHH OT HOMepoB i HU j 3HAYHTeJIbHO 


claGee, YeM y 2KCMNOHEHIMaJIbHOrO MHOXKUTeIA B (2), MONOXKHM BCe wl) = y 
OJMHaKOBBIMH. 

3. B coorBercTBuu c (1) OyyeM CuMTaTb, YTO BbIMOJHAeTCA HEPaBeHCTBO 

d, = vexp (— uf? /kT) <vexp(—a? (kT) =a, “(Fi | os HAY 


4. Ilockombky B CaMOM Ha¥Yasie npolecca BCuJleqcTBHe (3) uucaa, x9? (4). 
IpHONH3UTEbHO OJMHAKOBHI, TO, Olaroyqapsa ycsoButo (4), Yepes Masioe Bpema fy 
ycTaH OBHTCA pacmpeyesenue, pH KOTOpOM 


xp) (t) > x(t) (ie) gt 

Ha ocnopanuu (5) coxpaHuM B cyMMax B (2) ToOubKO HavOoJbuinMe CJla- 
raembie x!. 

Jlna ynpouleHua 3amucH BBefleM Oovlee HarisaHble OOo3sHayeHHA 

ey Oe ee he a, : 

Tora, ¢ yueTom mpeftouoxenuii 1) u 2), cucrema (2) MpuMeT Bug . 


sh 


dX,/dt =a(n— X;)(c— X1)— Xu; me 

dX, /dt =a(n— Xo) (Cc — X2)—d X35 bas lon 
dx, [dt =a(n — X2)(¢ — X1) — 45%); estas 
dx, /dt = a(n — X1)(c— Xe) — doXo. cnveey (OG) 


* He yynTbIBaeTCA,YTO BEPOATHOCT Nepexoa B COCeAHIOIO CBOOOAHYI0 AMY 6e3 OTpEIBa OT Ie- 
NOUKH OO/bINe, WeM BEPOATHOCTh OTPbIBa.TO BbINOJIHACTCA B TOM CJlyuae, KOTa «MOBEPXHOCTHOMY? 
epenOuI3aHHIO. YaCTH MpeNATCTBYIOT BbICOKMe NOTeHWMabuble Oapbeprl. HspectHo, 4T0 B He- 
KOTOPbIX CyYaAX MepeXON aTOMOB U3 OHO TOUKH NOBepXHOCTH KPHCTaIIa B APYryo Mpoucxo~ 
HT, T10-BAHMOMy, ObiICTpee yepes ras0By1o asy, 4eM IIyYTeM NOBepXHOCTHOTO NO/SaHHA (°). 
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U3 mepppix yeyx ypaBHeHuli cnefyeT X;= Xz, Tora M3 BTOPbIX BY 
ypaBHennii BUAHO, YTO xX; = Xj. Petlenue ypaBHeHHa (6a) uMeeT Bu 


lia (7 

re eM TE (= (3) 

rye | 
l=a(ntc)t+a, p=l?—4a'nc. (8) 


UroObi ualira pewenne (6c), paccMOTpiM B MpHHATOM MpHOAM2KeHHM TAakHe 
3Hauenua ¢ > ty, Korga OarofqapaA OOJbLIOM BEPOATHOCTH «HCIapeHHA» Ty KUX 
yacTHL, MpHXOA H pacxo 3HaYMTeIbHO OovIblle, YeM Pa3HOCTb STHX BeAHUHH, 
KOTOPOH MOXHO MpedeOpeyb, mooxuB dx, /dt = 0. Torga (6c) mpeBpallaetca 
B aslreOpanyeckoe ypaBHeHue u, corsmacHo (6a), 


) 
iy OR dX, (deen (9) 


Bripaxkenus (7) u (9) aBJIaIorca pelieHHem cucTempl (6) B HyJIeBOM npg 
*Keunu. [loycraBsan 3TO pelienue B paBylo yacTb (2) HM MNTerpupyA NoyyeHr 
HbI€ YpaBHeHHA, HalieM B TepBOM MpHOAMKeHHM DOBOJIbHO TpOMO3SKHE BbIpa- 
2KeHHA 


ra 


X, = X,(t;a,n, c, dy, dz) X_ = Xo (F; a,1,C, dy, dz), (10): 


ABHbIM BUJ| KOTOPBIX MBI He IipuBoyuM. McceqoBaHne MoKa3blBaeT, 4TO IPH HE 
CJIMUIKOM OOIbWUMX 3HaveHHAX ¢ peuleHne (10) KayecTBeHHO He OTJIMYAeTCA OT 
(7), (9). 

4, Muorve tapamertppt B (10) u3BecTHbl C O¥eHb Mason TouHOCTHIO. I losTomy 
WelecooO6pa3sHO HCCeHOBaTb CHaYasla pellleHue HysleBOro MpHOMKeHUA (7), 
KOTOPOe COJepKUT MeHbIUWe TAKUX MapaMeTPoB. | 

B 3aqaye oO pelyliuKaluu Hac MHTepecy1oT pelieHua X,(¢), KOTOpple Ip 
KOHe4HOM ¢ IIPHHHMAIOT 3HayeHHA nN. PaccMOTpHM, KakHe OrpaHHYeHHA 3TO 
TpeOoBaHHe HakJlaqblBaeT Ha MapaMeTpky H Mp KaKUX yCNOBUAX 9TH OrpanHHye- 
HMA BbINONMAOTCA. Mtrak, norpeOyem | 


J eene ji 1 
X41 (00) = ey an—n, (11) 
rye n’ — (MaJloe) 4HCJI0 OCTABLIMXCHA B KOHIe Mpomecca CBOOOMHEIX NOTeHUMAaJIb- 


HbIX AM, B MpoOllecce 3anNOJIHeHMA KOTOPHIX X,HEMb3A YK CUMTATL HEMPepHIB- 
HOH dyHkWuel, yOBeTBOpAIOMeH AudpepenMalbHbIM ypaBHenusam *. Yun- 
ThIBad OOOsHayeHuA (8), HaxXOQuM, TO (11) paBHocHAbHO ycmOBUIO 


dy<n'a(c—n-+1)/(n—n’), (12) 
WIM MpwOmM2xKeHHO d,/a<(c—n)/n, T. e. 


YaCTOTaA OTPbIBOB OT CBOHX AM a H30bITOK yacTHH B pacTBOpe 


yacToTa CTOJIKHOBeHHH QHCJIO AM 


Uro6bl ycieHHO OLeHHTD Bpema ¢* pehynauKalyn wenouKH B Hy JIEBOM 
NpHOJM2KeHHM, TpeQOIOxKUM COpMaJbHO, 4YTO ypaBHeHusa (6) Cp aBeIMBbI 
BIVIOTh O HaMMeHbIWero BO3MOXKHOTO 3HaYeHHA uNCMa nycTHIx am n’ =O, 
M NOAcTaBuM B petlenue (7) cileqyioulwe 3Ha¥eHua Mapametrpos: T = 300°K, 
y= 0,01 r/em-cex (Ba3KocTb Bob!), R = 107" cm, quametp agqpa 5y, Tak To 


V =6-10 cm’, c=n = 108, 8 = 107 cw. Haumenee TOCTOBEPHbIM 11apaMeTpOM 


e 1 
ABNAeTCA dy, comepxauini ue CneqyeT Monaratb, To ui nopagKa 1 3B. 


Met mpumem 3Hauenne u\) = 1,2 9p, YHOBNeTBOpsAIOUlee ycoBuio (12) npu 


a’ =0. Torga (7) maer t* = 107 cex. 


* Ecam Ob ypasnenua (6) ocrapanvch cnpaBeAMBHIMM BIVIOTD Ho n’ = 0, To 6HN0 6BI 
d, = 0, T. €. pekynauKallMa WenoukKu ocymecrBasach 6 B HYJI€BOM IIpHOMH2KeHHU TObKO B 
cilyyae OecKOHeyHO ryOOKUXx NMOTeHIMabHbIX AM. 
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UYroop nalira meppoe npu6mxKenxe, TpeOyeTca 3HaTb TuyOuHy «uy xOH» 


m th 
orenlnanbHoli amar us?” = uw. Ouepuguo, fu} <|ul|. Eom nonoxutp 


(2 

i — 0,54 9B, To mouyuntes f° Toro 2xe nopayKa 10? cex. VUccneqopanne 
emeHua (10) mosBomMsO ycraHoBUTh HeKoTOpbIe OCObeHHOCTH B XapakTepe 
saBucumoctu ¢* or napamerpos u!), uv wc—n, a umenuo: 


1) UIpu duxcupopanneix c—n vw ul cyllecTByeT KDPHTHYeCKOe 3HayeHHe 

= 4 Takoe, aro upH |uy”|> |u| speua ¢ = 00, tT ©. wacrmii 
acTOIbKO NPOuHO CBASbIBAIOTCH B UyKUX AMAX, YTO peMyNMUKAalNA He NET 

' 2 A 
0 Kouua. TIpn ju |< Pica Bpema ¢° KOHe4YHO HM MpakTMyecKu He 3aBUCUT 
2, ame) , 

Pu. .(B paccMoTpeHHOM pBpliue mpumepe u” =0,549n u t= 107 CeK., 
Apyrue cayyan cm. B Ta6a1.-1.) 
2) CywulecTByeT KpuTH- Ta6uuna 4 
yeckoe 3Hauenve ul) — y | 
mpeyemaemoe (12). 

3) C yBemuuenuem u3- 
bITKa YAaCTHIL C —/f BpeMA 


3aBMCHMOCTb SHeprHH u M BpeMenH pexynauKauun ft * 
OT H30bITKa HYKJIeOTHROB C—/n B pacTBope 


CP 
i” ObICTpO yMeHbiuaeTca u 
MSMeH AIOTCHA KPHTHYeCKHe 0 | 9 99 999 4020 
sHayenua wu” yu, npn 
gem, eclu c—nZl10, To 7 
mpu |uw?|<|u™| spema u, sp | 4,45 1,09 | 1,03 | 0,978] 0,00 
au) MpakTHUeCKH paBHO ul') , 3B Ss | AOS | Os 0,978 0 
f(a) i*, cex. |>107 |>71 |>16 | >3 |>0,5 0 
| N 2) 2 | ] Noh 
-Herpyano  npocaeaurs, uw!” 25 | 0,54 | 0,84 | 0,54 | 0,5 0 


‘Kak U3MeCHAIOTCA STH pesy- 
(Z) 


JbTaTbl, ECM YuecTb, YTO SHEPIHA UW; OouIbIe B TOM caydae, KOrda CO” 
cefHHe MMOTeCHIMaJIbHbIe AMbI 3aHATbI CBOMMH YaCcTHWaMU, Tak a. Mex ]Y HYK- 
J€OTHAaMU MOLyT o6pa30BaTbca TIPOJOJIbHbIC CBASH C SHEPHeH &. B MpocTen- 


mem CJlydae us? MOXHO 3allWcaTb B Buse (MHAeKc i Wamee olycKaem) 


U = Uy +8 — +2(4), (13) 


Tle Uy — HEPA BOMOPOMHHIX CBA3eH MexKAY HyKseoTHZaMH. IloxctanosKa (13) 
B d, (4) NpMBO_UT K TOMy, YTO NOCNeqHMe claraemble B (6a), (6 b), OMHCBIBalO- 
ule yXOjl CBOMX YaCTHI, pacTyT c X; MefieHHee, YeM MO JIMHeHHOMY 3aKOHy, 
4 9TO MO3BOIAeT NOJYYHTh KOHEUHOe BPEMA MOCTPOeHHA WeMOUKH Mp MeHbILUAX 
3HAYeHHAX Uy, YeEM B Cayaae © = 0. Tak, pM pacCMOTpeHHbIX BpIle MapametT- 
pax 3aqauu BMecTo uw = 1,2 9B HaxoqMM u, = 0,52 9B npu s = 0,35 9B. 

Takum o6pa30M, paccMOTpeHHad MOfesb mMpolecca pefyninkalun Maes 
NOpAXOK BeJHUHHbI BpeMeHH peyMiuKaynu f°, KOTOPHIM He MpOTHBOpeuHT 
MMCIOULMMCA SKCIepHMeHTaIbHbIM JaHHbIM O MpOMOJKHTeAbHOCTH MHTepdasnl. 
t* ObICTpO yMeHbllaeTcH Cc yBeJMueHMeM u30bITKa HyKJeoTHpoB. IIpu yueTe Ko- 
olepaTHBHOrO XapakTepa Mpowecca pefyNWMKalMM SHepru B3aMMOeHCTBUA 
HYKJICOTHIOB OIM3KM K 9HeprH KpaTHbIX BOMOPOAHEIX cBa3eH. IIpu coppemex- 
HbIX CKYJHbIX CBeJeHHAX O 3HAYCHMAX TapaMeTpoB 3aaun Oosee MOMHOe ee 
MaTeMaTHY¥eCKOe HCCJIeMOBaHHe BPA AH MMeeT CMBICJI. 


Tlocrynuio 
Wncrutyr du3uku MeTams0B 
AkaylemuH Hayk CCCP, : 23 V 1959 


WHMTHPOBAHHAS JIMTEPATYPA 


Wel Il 6uHuH, Buopusuxa, 1, 677 (1956). ? J.D. Watson, F. H.C. 
mri c k aaed 171,, 737 (1953). = [. Famos, A. Puu, M. Mxkac, Coopx. Bo- 
IpOCbI 6uousuKn, WJI, 1957. 40.U. @peuKean, Kunettueckan Teopua *uyKOCTeH, 
fon, AH CCCP) 1945. 5 5. E.Teryeun, H. H. Osuaapeunxo, JIAH, 130, Ne 3 
1959). 
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Jloxxangn AkagemMuu nayr CCCP 
1960. Tom 132, Ne 3 


BHOXHMH >} 


M. H. 3ATIPOMETOB u E. UH. CHJIMHA 
WIMKUMOBAA KHCJIOTA B JIACTbAX YAMHOTO PACTEHUSA 


(I]pedcmaeneno axademuxom A. JI. Kypcaxoeoim 25 I 1960) 


Iukumopaa KuCOTa Obluia BiepBble BbIemeHa B 1885 r. OMKMaHOM (*) 
MIO40OB anuca 3Be3quatoro (Illicium religiosum Sieb.). Jim B 1934 r. T. Ou 
mep u T. Jlanruar (?) noce ru pUYpOBaHuA WIMKUMOBOK KUCJOTbI M MOCTe Mylo 
IlerO OKHCJI€HHA MpOLyKTa BOCCTAHOBeHHA HORHOH KUCMOTOK, OpoMMpoBaHHs 
M OMBIJICHUA TOY IMM TpuKapOaIMJOBy!O KUCOTY M MOKasasM, YTO INHKUMO 
Bad KucmoTa saBaaetca 3,4,5-TpuoKcuuuKsoreKcen-(1)-KapOOHOBOH KHCJIOTO 
Oka3au0Ccb, TaK2Ke, UTO IHKHMOBaA KHCJOTa, NOMOOHO Me3OMHOSUTY (HIM, TOU 
Hee, MHOMHOSHTY) M XHHHOM KuCOTe, MO CBOeM CTepeoKOHdurypallMu CXOAHE 
c D-rmoxo30n (3). IIpu o6pa6oTKe KpenkOH COJIMHOH KHCJIOTOK OHA apOMaTH: 
3HpyeTCa, Mpeppailasich B N-OKCHOeH30MHYIO KuCOTY (4). 

Taka JIErKOCTbh apOMaTH3allMH WHKHMOBOH KUCJIOTHI, B CONMOCTABJICHHE 
C daKToM ee OOHapyxXKeHUA B PACTHTEIbHbIX MaTepMalax, MOria Obl yKa3bIBaTE 
Ha BepOsATHOe yuacTHe WHKHMOBOM KUCJIOTHI B KaYeCTBE MPOMe*KYTOYHOLO IIpo- 
ykTa B CHHTe3e MPHpOMHbIX apOMATHYeCKUX COeMHeEHHH. CrocoOHocTb mpe 
BPaUleHUA AJIMIMMKIMYeCKUX OKCHKAPOOHOBHIX KHCJIOT B O€HSOJIbHbIC IPOHS 
BOJHbIe Y rpHOos Oplia MOKasana emle Ba. BytKesnuem (°,°). JeHCTBUTeJbHO, 
padotamu b. Jlesuca c corp. (7, 8) 6bluio ycTaHOBJIeHO, ITO y KHIWeUHOH Masouky 
(E. coli) u Neurospora uimkumMoBad KUCIOTAa ABJIAeETCA MpeMWeCTBeHHHKOM Ta- 
KMX AapOMATHUeCKHX COeMHeHHH, Kak THPO3HH, tbeHuaNaHHH, TpuMTomaH, 
n-aMMHOOeH30HHaA WM n-OKCHOeH30MHaA KUCJIOTHT: 


| N-OKCHOeEH30AHaA KUCAOTA 


n-aMuHOGeH3s0HHaA KHCAOTA pilke 
CH,COCOOH CH,CHCOOH 
C_—_ SS 
COOH of: HOOC. CH,COCOOH 0) 
Pennanuposunorpan- ¢-denvaananun 
X CHP ECON: a Haa KHCaoTa 


NH 


H H CH,COCOOH CH,—GHCOOH 
OH OH é 
Wnkumosan Mpeenosaa 
—_—_— 
KucAOTa KuCcAOTa 
OH OH 
t m-OKCUeHHANUPOBH- l-tuposua 
HOrpaguaa KHCAOTA 


AdTpanHaoBan kucaoTa ——> Ungoa —>~ Tpuntodan 


Ilockoubky oOpasoBanve M HaKOMeHue apOMaTHYeCKUX COeqMHeHHH HaGJIO- 
WaeTCA Y MHOrHX BbICIUMX PaCTeHHH, B MocMemyroulMe FOAL! HAVAIUCh NONCKH 
IWHKMMOBOH KUCJIOTbI B pasHOOOPaSHBIX PaCTHTEIbHBIX OObEKTAX. 

JJo nacTosmero BpeMeHH WIMKAMOBad KUCJoTa Oblla HalijeHa B ATOMax KPbI- 
*%KOBHHKA, CXKEBHKH, MOfaxX aliBbl, AOOKAaX HM rpyulax (°), B AMCTbAX 9BKanuMTA 
(Eucalyptus eitriodora Hook u E. sieberiana F, Muell) (°, 1!), memecrkax pospi 
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{'2), KOHCKAX 600ax (1%), ucTbsAX cymaxa ('4), Mupo6ananax (1°), nuctbax paga 
acTeHHH CeMeHCTB COCHOBBIX H TaKcoyuMeBbIx (1%), moqax 6aHaHoB (2*), mu10- 
aX BHIUHH M srogqax KJyOnuku (1§) mw smucTbaAx TadaKa (1%). C. MancKaa u 
. Koguna (*°) noka3asiu, 4TO WIMKNMOBaA KUCOTA B 3HAUHTeIbHBIX KOsIMUeCT- 
ax COJepKUTCH B MOJMO[bIX NOOerax H 3e/IeHbIX WuWIKax (0 22,9 mrualr 
pBexkero Beca) cocubl. IIpu stom, B oTmuune OT aOm0K (24), pH cospeBaHuH WIn- 
eK COwepxKanHHe B HUX WIHKMMOBOM KHCJIOTHI Mamaer. 

Hapsy c NOMCKaMM WIMKMMOBOM KHMCAOTHI M3y4alacb CHOCOOHOCTh HeKOTO- 
bIX BbICIUHX PaCTeHUH K €€ HCHOMb3OBAHHIO AI OHOCHHTE3A PasJIMIHbIX PeHOJIb- 
bBIX COCEIMHEHHH. Yyanocb NOKa3aTb, YTO MeyeHHaa C4 MKYMOBaA KMCIIOTAa 
erKO IIpeoOpasyetca B BaHMJIMHOBbIe (bparMeHTLI MOJeKYJIbI JIMTHUHA B pacTe- 
MAX CaXapHoro TpocTHHKa (”*), a TakxKe KleHa H WWenHbI (2°). [Ip stom pac- 
pemeseHve payquoakTUBHOCTH B aTOMAX yrvlepoya OeH30bHOFO Apa BaHMJIMHA 
OJIHOCTbIO NOBTOPAIO pacipesenmeHHe aKTMBHOCTH B HCXOJHOM LWIMKHMOBO 
WCNOTe, 4YTO CBUETEIbCTBOBaAIO O NPAMOM WHKIM3aNMH MocmeqHeH. Hen 
corp. (**), usyyaa Onorenes PlaBoHOJa KBepueTUHA y rpeywxu, OOnapyxKMIN, 
TO IHKMMOBaA KMCJIOTA, NO-BHJMMOMY, ABJIACTCA OHM 43 OMKAaWIMX Mper- 
eCTBCHHHKOB OeH30JIbHOrO KOuIbIa B MoseKyJIbl KBEPLeTHHA: 


O OH 
HO Vi We lie IN 
ae * 
\ ae 
OH |} 


| 


TakuM OOpa3soM CTaJlO ACHO, YTO XOTA Obl YACTb APOMATHYECKUX COeTMHeHHH 
B BbICIIHX PaCTeHHAX TakKe OOpa3yeTca MpH yyYacTHH IWHKMMOBOM KMCJOTHI. 
_ Uaiinoe pacTenve ABJIAeTCA OMHUM H3 XOPOIO H3y4YeHHBIX B OHOXHMUYECKOM 
OTHOWWEHHH OObEKTOB. OHO HEOMHOKPATHO UCMONb3OBaIOCh WIA UCCeEOBaHUA 
mpoweccoB OOpa30BaHHA H MabHeHWIMX MpeBpalleHul MYOWMbHbIX BellleCTB 
KaTeXMHOBOrO TuMa (2°°-2"), XapakTepHOw OCOGeHHOCTHIO Yalinoro pacTeHua 
ABIACTCA HAKOMeHve B ero NWOGerax OOJIbIUOrTO KOMMYeECTBAa AapOMATHYeCKUX 
COeMMHEHUH (KATEXHHbI, IPOLyKTbI UX YUJOTHEHHA, PeHOMKAapOOHOBbIe KHCJOTHI, 
puaBOHOJIbI HW UX PIMKO3HAbI UT. 1.). B cuuly TaKHX OOCTOATELCTB, KA3aJIOCb Obl, 
UMCHHO B YaHHOM paCTeCHHH MbI MOPVIM Obl O%KUAaTb HAMIMIMA WMKMMOBOH KUCJIO- 
[bl H, B Culyuae ee OOHAPy2KeHHA, HMeMH ObI OCHOBAHHE ClelaTb TONyULeHHe, 
ITO B OMOreHese KaTEXHHOB WHMKUMOBaA KHCOTa TaK*Ke MpMHuMaeT yuacTue. 

Ojuako JO TocmelHero BpeMeHH MONbITKH HaHTH WMKUMOBYIO KHCJOTY 
3 YaliHOM PpacTeHHU. He yaBaucb. M. Boxyuasa u T. Co6omepa (2°) ne o6Hapy- 
KUM UWMKAMOBOM KHCJIOTHI B SPHPHOM SKCTPakTe CeMAH, IPpOPOCTKOB H JIMCTbEB 
Jan (ObIIM HalieHbl WaBesleBad, XMHHAA, JIMMOHHAA, AOMOUHaAA u cyMapoBan 
<uCIOTHI). B BOHOM 3KCTpakTe MoGerop uaa P. Kaptpatit u E. Po6epre (2%) 
fakxKe He HAlLIM UIMKMMOBOM KUCJIOTbI, XOTA NOKa3aM MpucyTCTBHe TaKUXx 
—WJIMMMKIMYeCKUX WM (eHOJIKapOOHOBbIX KHCJIOT, KaK XHHHAA, KOelHas, N-Ky- 
{APUJIXMHHAA, PaIOWIXHHHAA, M-MraOBaA Wu raimoBpad. He Oniia Haliqena 
WMKMMOBaA KMCIOTa B pa3JIHYHbIX COPTaX Yad HM ANOHCKMMM MCCeEROBAaTeIA- 
im (°°). . 

Hmxke onucpipaeTca OOHapyKeHve WHKUMOBOM KHCJIOTHI B NOOeraX uaa pH 
IOMOMLM XpoMaTorpaduu Ha Oymare. 

BpicylleHHble MOJIO_bIe 3-HCTHbIe MOOerH YaHHOrO pacTeHHA Trpy3HHCKoH 
JA23HOBHHOCTH (coOpaHHbie B Anaceyiu, Ppy3CCP) (20 r) mocuie u3smMembueHua 
(CUepMbIBalOIe H3BsIeKaJIM B almapate CokcsleTa CMeCbIO paBHbIX OObEMOB 
eH30a MW XJOpoopMa HM 9KCTpaKkT oTOpachiBanM. OcTaBLIMicA MaTepMasi Tocwe 
aseHUsA OCTATKa pacTBOpHTeJiell B TeX %Ke yYCOBUAX U3BJIeKaJIM MeTAHOJIOM. 
AeTaHOJIbHbIi 9KCTPaKT yNapWBasH Ha BOJAHOM Sane NO HeOoMbUWOrO CObema, 
OOaBIANH M3OLITOK JMCTHJIMMpOBaHHOH BOB, OCaqOK OTPUJIbTPOBbIBAIH Hi 
 bunptpaty qoOansasm 10% pactBop Pb(CH,COO)2. Ocagox Pb-coneh or- 
MIbTPOBLIBAIH WH WpO3payHBI pacTBop mpomycKasM yYepes KOJOHKY C KaTHO- 
loobMeHHOH ©momol KY-2 (B H*-cbopme; 25 x 1,6 cm). JlapaBuimit csabyto 
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oKpackxy c 1% pacTBOpOM BaHHJIMHa B KOHLeHTpUpOBaHHon HCI asoat mpony¢ 
Kaul Jlasiee Yepe3 KOJIOHKY TeX 2Ke Pa3MePOB C CHJIbHO OCHOBHOM AaHHOHOOOMEe! 
Holi cmomol JlayaKc-1 (B OH~-dopme). Tlocae THyaTeIbHOM MpOMbIBKH KOJIOHK 
BOOM KUCOTHI sIO“poBasmH 0,2 N pacrsopom (NHa)2CO;. QuroaT BpilapuBad 
MocyXa, OCTaTOK pacTBOpAJIH B BOJe M MOJYYeHHLIM pacTBOp mponycKasa vepe 
O25 KOJIOHKY C KaTHOHUTOM KY-2 (B H*-cbopme; 

‘ KoaOHKY MpOMbIBaJIM BOLO HM 9u110aT TOC 
CrylleHuA B BaKYYMe HCHOMb30BaIIM [JE 
HaHeceHua Ha Gymary (Ne 182, dadpuKk 
To3nak, Jlenuurpag). / 
XpomatorpadupoBaHve OCYULeCTBIAI 

B HHCXO{AILeEM TOKe pacTBOpHTeA (A-Oy, 
O15 anol — 85% MypaBbuHaad KMCJIOTa = 
t poqa, 95:10:20 mo o6bemy). Buicy 
WIeHHble XPOMATOrp aMMbI OMPbICKMBAIH MC 

010 culeq@patembHo 0,05% pacTtsopom NaJC 
iG MW, Yepe3 HeECKOJIbKO MHHYT, Oe€H3HMHOBBI 
peaxTusom (0,1 M pactsop OexH3uquHa i 

Vi 50% BoqHOM sTaHOme — alleToH — 0,2 / 
HCl, 10: 2:10 o6temy) (*4). IIpu Te 

KOH OOpaooTKe WHKHMOBaA HW XHHHAA KUC 

001 JIOTbI aloT OeJIbIe MATHAa Ha roy6om pc 
"240. 280. G20. G60 M0 ny  ‘"e; WATHO WHKUMOBOH KUCJOTSI NOCTeNek 


g20 


5) HO MpHoOpeTaeT CepOBaTO-po30By!0 OF 

‘Puc. 1. Yaprpadvouerospii cnexTp mo- PaCckKy. . 
JIMOKCHKHCOTHI H3 moOerop uaa (/) Ha XPOMAaTOrpaMMeC MeTaAHOJIBHOTO 3K¢ 
H IMKMMOBOU KUCHOTE (11) TpaktTa uaiinprx mo6eros (mpeqpapuTent 


HO OCBOOOKJeHHOrO OT KaTeXHHOB, (plz 
BOHOJIOB HM HHbIX COMYTCTBYIONLUX COeEAHHEHHA pH NMOMOMLM OOpaboTKH yKcy 
‘CHOKHCJIbIM CBHHILOM H HOHOOOMeHHBIMH CMOJIaMH) OTYETIMBO NpOABJIAJIOC 
NATHO WHKHMOBOH KucoTH (R; = 0,31). Bpmue storo naTHa pacnosaranoc 
HeCKOJIbKO HakJlaQbiBalolluxcA pyr Ha Apyra naten (c R;< 0,22), ofHo u 
KOTOPHIX NpHHaiexKaO, OUCBHHO, XHHHOM KHCJOTe. | 
Jina Oonee HalexHOH MeHTUUKANMH 3OHY, COJepxaBLIy!IO UWIMKHMOBYH 
KUCJIOTY (6e3 NpOABeHHA), BLIPe3aIM C HECKOJbKUX XpOMaTOrpaMM MH IJIONPO 
‘BaJIM STAHOJIOM. QyOaT cryulasIM B BaKYyMe MH XpOMaTorpadupoBasiu B pasvIMy 
HbIX CHCTeMaX PpaCTBOPHTeeH KaK KHCJIBIX, TAK HW JeJIOUHBIX, NapaswienDH 
‘C AYTEHTHUHEIM OOpasloM WAKHMOBON KucsOTHI (L. Light a. Co. Ltd). Bo sce: 
CYYaAX MATHO KHCJIOTLI H3 MOGeroB 4a MMe/IO MpaKTHYeCKH TO Ke 3HaveHH 
.R;, YTO HM NATHO MeTUHKa WHKAMOBOK KUCJOTHI (Tabu. 1). 


Tarot ene an 


X pomatorpaduyeckve XapaKTePHCTHKH MOJIMOKCHKHCIOTE! U3 NOGeroB yas HM WHKE- 
MOBOH KHMCJIOTbI— 3HayeHHA R; B pa3JIMUHBIX PaCTBOPHTeNAX, TeMNepaTypa 22—23° 


x-Bytanon — | Tlponanon — | M30amunospili 
HCOOH *— KOHL. cnuptT — OTaHOJI—KOHIL. 
BeulecTBo H.O NH,OH Re _ BS ete HO 
95:10 : 20 : (80 : 10 : 10) 
( ) ey) (100 : 23: 7) 
TlomMoKkcukucsora \H3 
no6erop yaa ‘0,34 0,22 Ong 0,40 


Ulukumopaa KucuoTa 0,32 | ‘0,22 0,19 | 0,41 


* Wcnompsopaim 85% mypaBbunylo KucaoTy. 


IIpu coBMecTHOM ‘HaHeceHHH Ha JIMHMIO cTapTa (B OHy TOUKy) HccuIeqyemoi 
'KHCJIOTbI H M€TUMKa IWMKUMMOBOM KUCJIOTHI Ha XPOMATOrpaMMe MOXHO OpIIO O6HA 
PYXKUTb TOJIbKO OHO MATHO. 
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Tlocne o6pa6oTKH neploxatom xpoMaTorpaMMBI OMPbICKMBaJIM, TOMHMO GeH- 
WMA, CELYIOULHMH CeWMPHYHIMH JIA MOJMOKCHCOeIMHEHHM MpOABHTeAMH: 

1) HuTponpyccuy HaTpHa — nunepasuu (32). LuKumospaa KucoTa mposB- 
seTCA (locue HarpeBaHua mp 100 ° B TeyveHNe 5 MHH.) B BUe APKorO »*esITOrO 
ATH; 

2) NazBsO, — KJ—H;BO3 — pacrsopumpri Kpaxman (3%). IIpu o6pa- 
)OTKe STHM peaKTHBOM IWIMKMMOBaa KUCOTa Yepes HeKOTOPOe BpeMA MpoAB- 
AeTCA B Bue OesOrO MATHA Ha CepoBaTO-rosy6om (bore. 

B o60HX clyyaax uccMeAyeMaA KHCIOTA Obla HEOTIMUMMA OT 3TaOHAa IWMK- 
MMOBOH KHCJIOTHI. 

YubTpapwoeTOBLl CMeKTP HCCJefyeMol MOJIMOKCHKUCJIOTHI He HMeJI MaK- 
WMyMa MOrOWeHHA B YHTepBate 240—400 Mu uM MOHOCTbIO COBMaqal co 
Me€KTPOM MOFJIOWeHHA CTaHAapTHOrO OOpasila WIMKHMOBOH KucsOTHI (puc. |). 

Bee BbIleH3JIOx%KeHHOe aeT HAM OCHOBAHHe MOaraTb, 4TO uccIeqyeMad MOJH- 
DKCHKHCIOTA ABJIACTCA WIMKHMOBOH KucsIOTOH. Ee coxep»kaHue B M3yuaBIlIeMca 
Opasie 3-JIMCTHBIX MOOeroB 4am cocTaBANIO OKOO 0,03% Ha cyxoH Bec. 

[IpenapaTuBHoe BbiesleHHe IMKHMOBOM KUCJIOTbI M3 JIMCTbeB ualiHOro 
ACTEHUA TPOBOAUTCA HAMM B HacTosIllee BpeMA 


WucrutytT u3vonoruu, pacresu uM. K. A. Tumupssesa Tlocrymuso 
Axkagzemuu HnaykK CCCP 20 I 1960 


WMTHPOBAHHAS JIMTEPATYPA 
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Jloxrayn AkafweMuu HaykK Cc cP 
1960. Tom 132, Ne 3 


BHOXHMHS 


C. O. YPbICOH u vaen-Koppecnonyent AH CCCP A. H. BE JIOSEPCKHH 


HYKJIEOTHAHbIN COCTAB JE30KCHPHBOHYKJIEMHOBbIX HU 
PABOHYKJIEAHOBbIX KHCJIOT HEKOTOPbIX PPHBOB | 
, 


Usyyenue coctapa Je30KCHpHOOHYKJICHHOBbIX H PHOOHYKJICHHOBbIX KHCJO; 
MUKPOOPFraH3MOB MOKa3aJi0, ITO HYKJICOTHAHbIM COCTaB HYKJICHHOBBIX KUCJO} 
CBA3aH C CHCTEMaATHYeECKHM MOMORKeHHEM HU (PHJIOreHETHYCCKHM MpPOHCXO*ReCHHEN 
Buon (4). Jia pelilenusa Bompoca O TOM, B KaKOM Mepe 9TO ABMeHHe ‘HaOMOMaer 
CA Cpe ApyruxX OpraHH3MoOB, HeEOOXOMMO CHCTeMaTHYeCKOe UCCIeEMOBAaHHe CO. 
cTaBa HYKJICEMHOBbIX KHCJIOT B pasHooOpasHbIx rpymNax pacTeHuM MW XMBOTHBIX, 

Bpicliime pacTeHuaA H3YYeHbI B 9TOM CMBICJIC XOTA HM HEMOJIHOCTbIO, HO JOBOJIb 
HO wHupoKo (?,°). CpaBHHTesIbHO MaJIO MH HepaBHOMepHO MCCeOBaH COcTal 
HYKJICHHOBbIX KUCJIOT MpefCTaBUTeeH Pa3JIMYHbIX THMOB XHBOTHBIX. UTO ka 
CaeTCA HH3IWMX pacTeHHi, TO HavOouee M3YYCHHBIMH Cpe HUX ABJIAIOTCA BOO 
pocan (*). Mano uccieqoBaHHO B STOM OTHOWICHHN TpyNMol pacTHTeIbHbIX OP 
TaHW3MOB ABJIAIOTCA rpHOn. K nayany Hawen padotp cocraB JIHK u PHK rpu 
60B Obl H3yYeH TOJbKO Y OHOFO Bua WporoKelt (°~’); KpoMe Toro, HMeJHC! 
JIMWIb HeMOJIHbIC, BbINOJIHCHHbIe K TOMY 2Ke HEJOCTATOUHO HalexKHbIMU MeTOaMy) 
UCCJI€OBaHHA COCTaBa HYKJICMHOBbIX KHCJIOT elle y 2 BUOB rpHOos (§). | 

Ilembio HacToslel paOorp! Opiuio u3yyeHHe HYKJeoTuAHOrO cocTaBa JLHK 1 
PHK rpv6os, OTHOCAMIMXCA K Pa3JIHUHbIM HM JasleKO OTCTOAINMM CHCTeMaTH 
yeCKHM rpytmam. JA uccieqOBaHHA ObIIM B3ATbI 4 PasHbIX Bula, OTHOCALLUX 
ca K 3 Kaccam. Y oGslajjaoulero rerepoTaimu3MOM Bua Phycomyces blakes 
leanus ObIM OTJeIbHO U3YUeHbI. WITAaMMbI <—» (My2KCKOH) u « + » (KeEHCKHH) 

TpH Bua rpHoos * MbI BbIpallMBasIM B aOOpaTOpHEIX YCJIOBHAX pH Temne 
patype 25°, HKOMMLETEI H CKJepOTHHMIO Ha 7-GasMHTOBOM MMBHOM cycule 
acepruJiJI — Ha MUHepaJbHOH cpege c rmoKosol. WlaMnuHboubt ObliM nosy: 
YeHbIl HAMM M3 MapHHKOBOTO XO3AHCTBAa. 

[locko.IbKy MO%KHO CUHTATh YCTAHOBJICHHBIM, YTO COCTAB HYKJICHHOBBIX KH 
CJIOT He H3MeHAeTCA B Mpomecce pocta H pa3sBHTUA, MbI COOMpaM NOOMBITHHI 
MaTepHas Ha TOM CTaqMu, Kora cofepKanne u3yyaeMOlh HYKJeCMHOBOM KUCJIOTE 
ObIIO HaHOOJIbIUHM, KpoMe TOFO JIA ONpesenenua cocraBa PHK >xxenaTembHe 
ObIJIO HMeTb MeHee MMIMeHTHPOBaHHbIi MaTepnan. U3 stux cooOpaxKenuli qs 
ompemenenus PHK Obi ucnoibs0BaH Mule B Bospacre 2—4 jHel, a Las 
ompenenenua JTHK — munesmul BMecte co chopamu M CKIepolMAMH B BOspacre 
7—9 jue. Y WaMNMHbOHOB VIA padoTH! ObIH UCNOMb3OBaHbI WacTHHKH, per: 
BaPUTEJIbHO OTJCJICHHbIe OT TJIOMOBbIX Te. ; . 

Jlaa ompegenenua THK muesli co chopamu uM CKIeponMaAMu, a TakxKe Mla 
CTHHKM WaMIMHBOHOB (UKCHPOBaJIM KPeMKUM CIMPTOM, a 3aTeM BBbICYIMMBAUY 
CIMpTOM u adupom. Munem a onpezenenus PHK duxcuposanu 3amopaxu- 
BaHHeM VM BbICYIUMBaIM JMOPHIbHO. M3mMebueCHHBIN B BaJIbIOBOH MeIbHUIE 
MaTepHadl SKCTParMpOBaH HECKOJIbKO pa3 CMeCbIO CilupTa uM cepHoro abupé 
(3: 1) naa yRanenuaA MunH_OB M MHrMeHTOB. 

Hapecka 3MeJIbYeHHOrO B TOHKY10 MyKy MaTepuava JIA OLHOTO TuApomsé 
cocTaBulasia Tipu onpegenenun THK 1—2r, npu onpezenennu PHK 0,3 — 0,5 r 
B ocuopy Hatiei paOorsi Obi NOMOKeH MeTOL OMpeneNeHUA HYKMCOTHZHOLO Co- 


* Sa mpeoctapjlene noceBHoro MaTepHada MBI BbIpavkaem OnaroqapHocTh E. C. Karom 
HukopoH H A. VY. Kopensako. 


708 


TaBa HYKJICMHOBBIX KHCJIOT, OUHCaHAbIt B padote (°). MUcnomb30BaHHble Hamu 
mocoObl pasqenenua ocHoBaHult JIHK metrogom xpomatorpaduu na Oymare u 
KOJMYECTBEHHOFO ONpefselenHA HYKIeOoTH_OB PHK c nmomortbo ropH3s0HTasbHO- 
oO auleKTpotbopesa Ha OyMare JeTaIbHO H3/1IOXKeHbI Hamu pauee (2), 
Ta6auna 1 


Hykaeornugzupmli cocras JIHK pa3snuunpix rpv6op 


Goylep*anne ocuopannh, 
Peek ca r ay’ |onyp! rain yr one ear 


iT iBysgay |) YA |] JN || ete 


iP A uy a 
Kaacc Phycomycetes ‘ 
Phycomyces bla- 
kesleanus «—» 19,2 \°30,4.) 19,41 -34,0.), 0,99.) 0,98 | 0,99) 404.) 063.404, 59 
Phycomyces bla- 
kesleanus «+» 1973") 30,4 | 49;5°)° 30,8’) 0:99 1°6*99' 1° 0599 11,00"! 06a We tinoe 


iKaacec Ascomycetes 
Aspergillis niger | 25; 4) 2550) 1825,.05|°24, 9) | 45007) 400) 15001913005) AhOOn A, 00 
Sclerotinia liber- 


| tiana 22, Ou abo Ql sacs Out: Zio |O,99..1,4,.00 |: 0,99:).0,99 4 Oneal tne 
Kaacc Basidiomy- 
cetes 
_ Agaricus bispo- 
rus Lange Z2RO) BZN O2Ae On ie 4a i OAS OSs) AOS at CON MORSOm nes 


| IlpumMeuaune. Ilyp—nypuuHospie ocHopanua; IlHp — nupHMHAMHOBBIe OCHOBaHHA; 
A — anenun; T — ryanuu; I] — wutosun uv T — THmuu. 


8B van. | npeqcraBsenbl pesyibTaTbl onpegenenua JLHK B 4 Bugax (5 06- 
pasuax) rpu6os. IIpuBezenubie udpb! ABJIAIOTCA CpeHHMM He MeHee, YeM U3 
6—8 onpenmeeHHi B KaxKIOM M3 3—D NapaJVJIebHbIX PHPOMM3aTOB. 

Kak BuyHO u3 TaOw. 1, HyKseoTHAHDIM coctaB JLHK nu3yyeHubix Hamu rpu6oB 
MOMYHHAeTCA BO BCeX CJIy4YanX 3aKOHOMepHocTam Uapradda u B 4 u3 5 O6paszoB 
oTHocutca K THNy AT. Ucksmouenne cocraBpaset Aspergillus niger, B JHK Kxoro- 
poro MbI Halll SKBUMOJIAPHOe COOTHOMeHHe OCHOBaHHH. Ecam comocTaBuTb 
Halu JIaHHbIC C HMEIONLUMUCA B JIMTepaType, TO MOXKHO BUeTb, YTO pasMUAA 
B coctape JIHK, cBa3aHHble C NpMHayexKHOCTHIO K 3 pa3JIM4HbIM MopsayKam, 


OTUETIHBO MPOABIAIOTCA Y 3 BUOB, OTHOCALUXCA K KsIaccy Ascomycetes. J[pox- 
mu (5), acieprudiul M CKIeEpOTHHHA XapakTepu3yioOTCA OTHOWeHHAMH a (no- 
KagaTeb cmemuduynoctu JTHK), paspubimu coorserctsexxHo 1,80; 1,00 u 1,20. 
OTH JaHHble MOSBOJIAIOT MpeMMOMORKUTb, YTO M Cpequ MpescTapuTeseH Apyrux 
KaccOB rpHOoB MOryT ObITh OOHapy2XKeHbl BUAOBbIe OTMYMA HYKJIeOTHAHOTO 
cocrapa JIHK. 

B cocrape JIHK rpu6op Ham He yaatocb OOHAapPyKUTb 5-MeTHJIWATOSHHA, 
HECMOTPA Ha CMe€MMaJIbHO MOCTAaBJICHHbIe OMBbITSI MO pexpoMaTorpauu Tex yuacr- 
KOB XpomaTorpamM, rye 10 pacuety Ry MOrviM Obl HAXOMMTECA NATHA 5-MeTHUI- 
muTo3una (?). C MomMombIo cleKTpodoToMerpuyeckol MAeHTUpuKalluU, MpoBe- 
J@HHOM Mocme BTOPHYHOTO MpOABJIeHHA XpOMAaTOrpaMM, HaM He yflalOCcb C Jo- 
CTOBCPHOCTbIO YCTaHOBUTb HawuHa S-MeTHNHTOSHHAa. BoO3MOxHO, OfHAaKkO, 
YTO IIPHMCHeEHHbIM HAMM MeTO ABJIACTCA HeOCTATOUHO 4YBCTBUTEJbHBIM [WIA 
OOHAapy2KeHHA HUYTOXKHO MaJIbIX KOJIMUECTB O-MeTHMMTO3SHHA. B coctape JLHK- 
qpoxkxKel 5-MeTHJINMTOSHH TakxKe He Opi OOHapyxeu (°,°). 

Jlanwuple O KOJIMYECTBEHHOM COOTHOWeHHH HyKsIeoTH0B B PHK, mpuseyen- 
HbIe B TAG. 2, ABJIAIOTCA CPpeHUMH He MeHee YeM “U3 6—S8 oOlNpemeeHHH B KarxK- 
NOM U3 3 MapaJJIeMbHbIX FUAPOJM3SaTOB. 

Ha ocHoBaHHu JlaHHbIX, MpeyCTaBsIeHHbIX B TaGJI. 2, MOXKHO CheMaTb 3aKJIt0- 
yeHve o ToM, uro PHK u3yyeHHbIx rpH6oB lo CBOeMy HYKJIe€OTHAHOMY COCTaBY 
oTHOcuTca K Tuny TI, noqymuaerca mpapuny Uapradda u Maio oTiuuaerca 
y pasHbIx BusOB. CXocTBO HyKsMeOTHAHOrO cocTaBa pasiM4HEIX PHK noprBep- 
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Ta6Oaunma 2 
Hyxkseoruzupii cocras PHK pasamunbix rpu6op 


Ce ae Typ r+y r+uh 
Tlup | A+. | A+Y 
FS) eal eter 
Kaacc Phycomycetes 
Phycomyces blakesleanus «—» 29 N28 2" 2024.0 | Siete OS mete tee 
Phycomyces blakesleanus «+» 29,9'| 27,4 | 24,2 | 2455 1453454106) nce 
K.aace Ascomycetes 
Aspergillus niger 30,4 |225,,001 257, OF 19.9 se 28s el OO ieee 
Sclerotinia libertiana 28°31) 285 Ol) 2409) | e24 See 29a iO dee ee 
Kuaace Basidiomycetes 
Agaricus bisporus Lange 28,8 I 27 eae Qt G eae ne eer ele Ome eee 


IIpumeuaune. Ilyp—nypuxospie ocHopanua; I]up — mMpHMMAMHOBbIe OCHOBaHHA; 
A — ayenuiosan Kucnota; [ — ryanHusopaa Kucuiota; LI] — uuTuqusoBaa KucioTa H Y—ypu- 
JMOBaA KuCIOTA. 


2KaeT OTMEYCHHbIL WIA APyrux OpraHu3MOB (pakT MeHbIWeH cnewHdpuyHOcTu PHK 
lo cpaBHenuio c JIHK. Bepostuo, cneundusHocTs pasnpix PHK c 61“3KuM 
CYMMAPHbIM COCTABOM O6yCJIOBJIMBaeTCA Pa3JIMYHOH MOCeOBAaTeIbHOCTLIO HY- 
KJICOTHOB B IeMM AX MOJIeKYJI. | 

Kak BuHO 43 Ta. 2, TPH H3y4eHHBIX Bua rTpu6os (Phycomyces blakeslea- 
nus, Sclerotinia libertiana, Agaricus bisporus Lange) umeror cxoquplit HyKseo- 
THAHbIM COCTAB, KOTOPbI MOXKHO OXapaKTepH3OBaTb Kak CJ1a0O BbIPaxKeHHbIli 
tun TI]. Mutrepecno ormerutb, uTo mogo6upii cocraB PHK Opi oOnapy2xeH 
y Tex Oaxtepnuk, JIHK koropprx oTHocutca k Tuny AT (1). HeckosibKo oTsH4aO- 
IWMHCA OT Apyrux cocras PHK, Tak xe Kak u cocTaB JIHK, Obit Haligen y Asper- 
gillus niger. | 

CueqyeT OTMETHTb, YTO Y FeTePOTAJJIMUHbIX NpekcTaBUTeeH PUKOMULeETOB 
(« —»H « +») He OOHAPyXKeHO OTH B COCTaBe OOCHX HYKJICHHOBLIX KHCJIOT. 

TakuM OOpa30M, NOJIYYeHHbIe JAHHbIeC CBUJETEIbCTBYIOT, C OMHOM CTOPOHHI,. 
oO cxoycTBe cocrasa PHK y pa3iuunbix rpH6oB u, c Apyrou,— o 6mus0cTu 
B 3TOM OTHOWICHHH rpHOoB c ApyruMu rpynwaMu opraHH3mMoB (OakTepusaMyH, 
BOJOPOCJIAMH, BbICIUMMH pacTeHHsMH). CyleqyeT OTMETHTb, YTO HYKJeOTH HDI 
cocras JIHK rpu6os, mo cpaBHeHHio C BBICLUuMH dopMamu, OOsaqaeT GombUIeH 
BapHaOWJIbHOCTbIO, KOTOPaA, OJHAaKO, BbIPaKeHa y HUX BCe Ke B MeHbIllei cTe- 
NeHH, YeM y OakTepHl. OTH MakTHI WeNalOT HACTOATEIbHO HEOOXOAMMBIM U3y4e- 
HH€ MOCJI€OBaTeIbHOCTH HYKJICOTHOB B WeMH MOJIEKYJI STUX HYKJICHHOBbIX 
KuCIOT. PelwieHve aHHOM MpoOmembl BCKPOeT HCTHHHOe MOO*KeHHe B BOMpOce 
O CH€WMMMHYHOCTH STUX ABYX BaKHeHIWUX KJCTOUHbIX KOMIMOHEHTOB. 


Mucrutyr O6voxumun um. A. H. Baxa Tlocrynuso 
Axkajemua Hayk CCCP 10 Ii 1960 
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Joxnxagn Akanemunu wayr CCCP 
1960. Tom 132, Ni3 


IKOJOLH A PACTEHHH 


B. T. KAPMOB 


ONbIT IKCIEPHMEHTAJIBHOrO PEMMEHWSA HEKOTOPbIX 
BOIIPOCOB PUTOWEHOJIOPHH EJIOBOrO JIECA 


(ITpedcmaesero axademuxom B. H. Cyxauecsim 22 I 1960) 


CocTaB H CTpoeHHe Tak Ha3bIBaeMbIX CTEPIKHEBHIX THIIOB TA@KHEIX (PHTOMEHO- 
OB MOsBOJIAeT Oosee rry6OKO HW NpaBNJIbHO NOMOUTH K pellieHuIO BaxKHeMUWINXx 
eopeTHuecKuX poOemM duTowenosorun Mu OoTaHHuecKOli reorpadun TemHOo- 
BoHHOM Taliru. K uncaly Takux Tpo6sem, Oe3ycOBHO, OTHOCUTCA BOMpoc 06: 
— M PakTOpax, ONpelesAloulux POPMHPOBaHHe OMpPeNeeHHbIX CTPyKTyp 
‘ACXMKHIX PUTOMCHO3ZOB, CHeWHpuYeECKHH JIOPUCTHYeCKMM HM 9KOOTMYeCKHH Cco- 
TaB UX «piopp». He menee BaxKHIM ABISETCA BOMPOC O BSAHMOOTHOWeHHAX 
OPeaIbHOrO HM HEMOPAJIbHOrO KOMIIJIEKCOB paCTeHHH, HHayYe TOBOPA — OTHO- 
1eHuuH Mey TaKHMM TeHeTHYeCCKH Pa3JMYHIMH THMAaMH JeCHOrO MOKposa,. 
‘aK TEMHOXBOHHAaA Talira HW WHMpOKOJIMCTBeHHbIe eca. Bonpochi 2TH C WaBHUX. 
(Op MpuBeKaIH K ceOe BHHMaHMe OoTaHuKO-reorpadoB Hu reoOoTaHHKOB 
#8) OWHAKO 9KCIEPHMeHTAJIbHO 3TH MpOGJeMbI U3y4eHbI elle OYeHb MaJIO. 
 B nactosmeni padote Oblia MpexMpMHATAa HOMbITKA SKCMePpHMeHTAaJIbHO pe- 
UMTb BOIPOc, Movemy B COCTaB TpaBAHO-KyCTapHHYKOBOrO APyca Ta@KHbIX (PUTO- 
| THMa @JIbHUKa-YepHHYHNKAa HE BXOJAT HeMOPaJbAble BUZLI TpaB.B TO 
ke BPEMA CTABUJIACb 3a],aua BbIACHUTb, B KaKOM Mepe 3TH BUABI MOryT ObITb HC- 
(OJ b3OBAaHbI IPH JMarHOCTHKe MUTATebHOFO peKHMA JICCHBIX MOUB. 

OKCHEPHMEeHTAJIbHad YaCTb PaOOTHI BEINOMHeHA B KaqHHKOBCKOM JIeCHH4eCTBE 
<apopckoro Jiecxo3a, pacnosoxenHHoro B BomoroxcKon o6u1., B Mpewentax cpen- 
eTaexKHOH 30HbI. MeTtoxuka NpOBeeHHbIX ONbITOB 3aKJOUaaCb B CJIELYIOULeM. 
3 yuacTKe CJIbHHKa-4EPHHIHUKA, MOAPOOHO ONNCAaHHOrO B OAHOH U3 Mpenuect- 
sYIOWMX Hamux paodor ('), Obl MOZOOpaHnb! OMbITHBIC MH KOHTPOJIbHbIe MIOWAay- 
“M pa3smepom 2 < 2 m. IlapHpre nuomayqku (OMbIT —- KOHTPOJIb) pasMellaJlHCcb 
} OMMHAKOBBIX YCJIOBHAX HaHOpesibeda, OCBEWLCHHOCTH HM 3arpy3KH MOUBbI KOp- 
[1MU B3pOCJIbIX ZepeBbes. Ilo nepucbepun OMNbITHEIX MOMaqoK Oplia MpoBeqena 
paHwetinad o6pe3Ka kopHeli Ha rstyOuny 40 cM no cnocoby, ONuCaHHOMy B Ipex- 
eH padote. 

Ha KOHTPOJbHBIX HM ONbITHBIX NMOWaqKax Opin yAaJleHbl BCe Has3eMHble 
(acTH pacTeHui TpaBAHO-KycTapHH4KOBOrO MH MOXOBOrO ApycoB. B cepequne 
entaOpa 1958 r. Ha KaxKOH MowlayKe Oblio BbICawKeHO MO 25 9K3. CHBITU 
Aegopodium podagraria L.), mezyHuupt Heacnol (Pulmonaria obscura Dum.), 
KMBYUKU MomsyyeH (Ajuga reptans L.) u Kompiraa (Asarum europaeum L.). 
ACTEHUA JIA Mepecamok Obl B3ATHI M3-MOf MOMOra eJIbHUKAa KUCAMYHO-INIMpo- 
OTPaBHOrO BLICOKOM MpousBomUTebHOCTH (I Kmacc GonMTeTAa), COMpsAxXeHHOrO 
; CBOEM PaSBUTHN CO CMadonoss0NuCTOH MOYBOH. 

Kputepuem peakituu pacTeHuli Ha HOBbIe yCJIOBUA Obl BbIOpaHbl SHeprus 
OcTa HM BboKHBaemMocTb BHOB. Kpome Toro, oco60e BHHMaHHe OBO OOpalleHo 
[a H3y4YeHHe CHMMTOMOB TosOLaHHA pacTeHul MO BHeIMHUM MOpdosormyeckuM 
ipusHakam. J[ ia MpOBepKH MpaBUbHOCTH 3aKJOYeHH OO yCJIOBMAX MMHEpasb- 
lOrO NUTAHMA pacTeHHl B Pa3/IMYHLIX BapHaHTAaX ONbITA, MOJyYeHHbIX Ha OCHOBE 
(eTOa JIHCTOBOM JMarHOCTHKH, ObIIM MpOBeseHbl ONPeeeHuA cosepxKaHuA 
MTATEJIbHbIX BeLLeCTB B COKe CTeOlel Mo Metoxy Marnuuxoro (*) u 6voxumuuec- 
M€ aHaJiM3bl KOHICHTPaluu TUX BeWLeCTB B JIMCTbAX KOHTPOJbHbIX HM OIbITHBIX 
acTrenul (OOulMi a30T No Kpeubgamo, dochop — OObEMHbIM MeTOJ). 

Fl 


“3 
\ 


reheat 


QKCHePHMEHTHI, BbINOJIHCHHbI€ BO MHOFHX NOBTOPHOCTAX, aM CJleMyIOUiHe 
pesyuptraTp. Kak BugqHO u3 TaO. 1, CopeBHOBAaHHe C KOPHAMH epeBbeB ooye 
JIOBMUBAeT He TOMbKO Peskoe OCMAGIEHHE MpOMeCCOB pocTa y HEMOPaJIbHDIX BU 
JOB, HO COMpoBoxaeTcA THOeIbIO MHOFHX pacTeHHH. Oco6eHHo HeOsaronpuaATy 
HO BJIMAe€T KOHKYPeHIMA KOPHeH epeBbeB Ha (POPMUPOBAHHE JIMCTLEB, HCG 
H pa3Mepbl JIMCTHEB MOA BIMAHHEM STOO (PaKTOpPa CyULECTBEHHO YMECHbIUIalOTCA, 


Puc. 1. Banaue KopHelt JepepbeB Ha pOCT HeMOPaJIbHBIX TpaB B CJIbHHKe-vepHMuHUKe. A — 
cHbITb, 5 — MeylyHvwa HescHaa, B — 2*MByUKa MO/3yuaA; A@ — MOMHOCTb pasBHTHA TpaB FE 
yYCIOBHAX COPeBHOBAHHA C KOPHAMH JepeBbeB; 6 — B TOM Cyyuae, Kora STOT (PaKTOP BbIKIIOUeE 


K sTOMy HY%KHO WOOaBUTb, YTO KOHKYPeHIUMA KOPHeli JepeBbeB CHJIbHO TOPMO- 
31a Mpoxor*klenne Penodas y AyOpaBubix pacrenult wu Kpaline HeOnaronpuaTHc 
BIIMAAa Ha POPMUpOBaHHe MOYeK BOSOOHOBMEHHA. MoOxKHO yTBeEpKLaTb, YTO CO- 
XPaHMBUIMecA B HEOOJIbINOM YMCMe Ha KOHTPOJbHBIX MOMWalKaX CHJIbHO yrHe 
TeHHbI€ WM YaXJIble pacTeHHA Ha CeLyIOulM row Noru6nyT naweo. 

Hao6opor, sce 2yOpaBHbie pacrenua, BbICaKeHHbIe Ha MNoWlaqKu Cc OOpy6: 
KOH KOpPHeH, XapaKTepH3yIOTCA BbICOKOH 9HeEpruell pocTa uM %KH3HEHHOCTHIO 
mpuyemM HeKoTopbie us Hux (Ajuga reptans L., Pulmonaria obscura Dum.) y2xe 
B Ml€pBbIH xe TON OOHAPYXKHJIM CMOCOOHOCTH K BereTaTHBHOMY BO3OOHOBJICHHIO 
Puc. | syle Bcero HuOCTpHpyeT MOpasHTeIbHble PasJIMYHA B MOLLHOCTH pas 
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ATH MEK TY SKSEMIVIAPAaMU, PaCTYWHMH B YCOBMAX COPeCBHOBaHUA C KOPHAMH 
PeBbeB, H OCBOOO*KEHHBIMH OT BMAHUA STOFO *baKToOpa. 

Takum o6pa3om, orcyTcTBHe B cocTaBe NOKpoBa eCJIbHHKa-YepHHUHUKA He- 
OPaJIbHbIX BUOB TpaB OMpeeAeTCA rlaBHbIM OOpa30M TeM, YTO 3TH BUJbI He 
: Uae 3eCb KOHKYPeHI[MH CO CTOPOHbI KOPHeli B3POCIbIX JepeBbes. 
[HbIMH CJIOBaMH, CJIbHUK-YCPHHUHHK HaXOMMTCH 3a Mpesenamu OvowexnoTuye- 


Ta6auna 1 


| 
| 


KoutTpoab O6Opy6Kka KopHelh epeBbesB 
‘ = ad Onn ‘ c {Os 
xe 3) = = =oOo ose i] = 
Bun a. o 5 = Se abe a eles o 5 oe zB 
=o & Oo. aro xd |oOM Ox | oo ° 4.9 S50 za |o¥o8 
| x5 i BS Eye as GOERS BbICOTa, CM Ble ate Oe aeoms 
| KI) it == Be He lo oo =| 0 gs Bap Ee |86$856 
as fa ne Ho ER |ORonl|as 8 a3) Be | OE 0 
egopodi- 
podag- 
ria L. 24 |7,5+0,1/1,040,2/2,8+0,7/1,4+0,3) — 100} 14,5+0,7 |2,8+0,1/5,0+0,3/2,8+0,2) +- 
ulmona- 
a obscura 
um. 36 |5,1+0,4/1,8+0,2)/4,640,3/3,0+0,2) — 112) 8,140,6 |4,740,3)7,8+0,3/5,140,2) + 
juga rep- 
ins Ls 34 15,1+0,5/3,2+0,2/3,3+0,3]/2,6+0,2) — 104) 7,8+0,4 |6,4+0,3/5,8+0,4/3,5+0,2) + 
sarum eu- 
+0,3/1,7+0,1/4,9+0,3/4,14+0,2| — 100! 6,440,4 11,9+0,1]3,2+0,2/4,4+0,51 + 


ypaeum L.! 56 /4,6 
* Tupe O3Ha¥a4eT He3aBePIeHHOCTb Mporeccos dopMupoBaHuA MoveK BOZOOHOBJIEHHA. 


KOFO apeasia STHX BUOB, HO elle B paMKaX MX SKOMOrHMYeCKOrO apeasa. Y BCex 
WIOB pacTeHHH, NpouspacTaioulux B YCJOBHAX COPeBHOBaHHA C KOPHAMH Je- 
eBbeB, HaOMOLaIMCb NWOPa3HTeJbHO CXOMHbIE MpH3HaKH OCTporo a3s0THOrO 
OONaHuA. ITO, BO-NepBbIX, MOABJICHHE B HAavaJIe HIOHA CBETJIO-3eIEHOH OKPac- 
WY MOJIOMbIX JIucTbeB. Bo BTopyio NOJOBHHY BereTalWMOHHOrO MepHofa JIMCTbA 
€MOPaJIbHbIX PACTeHHH, paCTYULMX B KOHTAKTe C KOPHAMH JepeBbesB, IpHoopein 
‘@JITOBATO-SEJICHYIO H CBETJIO-KEJITYIO (CHAT, 2%KUBYYKAa MOI3y4ad) WH 30s0- 
HCTO-2KEJITYIO, HHOra c OypbIMH NATHAMH TlO KpadM, OKpacky JIMCTbeB (Mezy- 
vila HeacHaa). JIuctrba Asarum europaeum L. B 3TO BpeMA UMeJIM HeEpaBHO- 
epHy!0 paclBeTKy: TO Mepudepwu MHCTbA OblIM CBETJIO-3eJICHbIMH, MHOTa 
‘eJITOBATO-3eJICHBIMV, B TO BPEMA KaK LLCHTPaJIbHble UACTH HX COXPAaHAJM CBETIIO- 
eICHYIO, A Me€CTAMH TeMHO-3esIeHy!10 OKpacky. 


Taouniya 2 


OMep2KaHue MMTAaTeIbHBIX BeUeCTB B coke cTeOelH pacreHul (no MarHulkomy, B MUMJWIN- 
DAaMMAaX Ha KHJOrpaMM) H B JHCTbAX (MO JaHHbIM OMOXHMMYeCKUX aHaJIM3OB, B MpomenTax 


oT cyxoro Beca) 


KoutTpoab O6py6Ka KopHelt ZepeBbeB 
O6beKxT 
Bug 

aHalHu3a N Pp K M N Pp K M 

egopodium podagraria L. Cre6enp | Her 80 3000 40 250* 120 3000 40 

JluctT 2,20 0,41 — — ila 0,58 — m= 

ulmonaria obscura Dum. Cre6eab Her 80 2250 40 250 80 3000 40 

; : Jlucr 1719 0,32 _ i 3,06 0,40 — — 
juga reptans L. Cre6eub Her 80 1500 20 100 120 2250 400 e 

, pwilucr 1,40 0,33 — — 3,01 0,47 —_ — 


* Bee aHHbIe NO COsepAaHulo azoTa B COKe cTeOIeH XapaKTepu3ylOT TOJIbKO erO HHT-  - 
ATHEIE MOPMBI. ; 


OueHb BaxKHO OTMeTHTb, 4TO BCe WyOpaBHble PpaCTeHHA, BbICAKeHHBIC Ha 
NOWalkax Cc OOpyOKOM KOpHeH epeBbeB, B 9TO BPCMA MMECM TEMHO-3eeHylO 
UCTBY; OHH He OOHAPyXKUBaJ IpH3HaKOB (BO BCAKOM CJly¥ae 3aMeTHBIX) Mu- 
epasbHoro rovlolanus. 

Taupe XUMHYUeCKUX aHau30B (cM. TaOl. 2) MOKa3bIBaIOT, YTO PacTeHUs, 
pouspacraiollMe B YCJIOBHAX COPEBHOBAHUA C KOPHAMM JepeBbeB, HE COMep2xKaT 
MTpaTHbIX COsel B COKe cTeOMeH M XapakTepusyloTCA OOee HASKOM KOHIECHTpa- 
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Mell a30Ta B INCTbAX. CogepxKaHne 2%Ke HUTPATOB B COKe cTeOwIeH pacTeHHH, Pé 
CTYIMMX Ha MwoOUlayKax C oOpy6kolH KOpHeH JepeBbeB, JOBOJIbHO BbICOKOE, UT 
coueTaercad C HOBBINeHHOH KOHUeHTpaunell a30Ta B TKaHAX sucTa. Menee 3Hé 
YMTEIbHbI PasIMYHA M@KAY KOHTPOJIbHbIMM HM OMIbITHBIMH PaCTCHHAMM B COsef 
*KaHUH JPyrHX MHTATeJIbHbIX BeULeCTB. 

CileOBaTeJIbHO, Pe3YJIbTAaTbI XHMHYCCKHX AHAJIH3OB BIIOJIHE MOATBEPK Lato 
paBHJIbHOCTh MHTeEPMpeTalMH JaHHbIX JIMCTOBOM WMarHOCTHKH. SHadHT, MeXé 
HH3M OTPHIaTeIbHOFO BJIMAHHA JePeBbeB CJM Ha HEMOPAJIbHbIC BH]bI TPaB CBC 
MTC K MlepeXBaTy KOPHAMM epeBbeB yCBOSeMbIX (bopM asorTa. IlocKoMbKy KOE 
KYPeCHLMA M@KLy pacTeHuAMH B *PUTOMeHO3e MpoTeKaeT HaHOOVIee OCTPO 3a MF 
TATCJIbHbIe BEULeECTBA, HAXOJALULMeCA B MOYBe B IKOJIOTHYCCKOM MHHHMYME, TO Hi 
IIPEACTAaBJICHHbIX 3]/eCb aHHbIX MOXKHO CleaTb BbIBO, H OTHOCHTEJIBHO IMTATEUE 
HOrO P@KHMAa MAJIOMOILHOFO MOA3O0a; ITA PASHOBUAHOCTH JICCHbIX NOUB Xapak 
Tepu3yerca claOol OGecMeyeHHOCTLIO NMOABHXKHDIMH bopMamuH a3o0Ta. Taku) 
o6pa30M OKa3aHa MIPMHIHMHabHaA BOSMOXKHOCTH HCHOb3OBaHUA TMepecayo 
MHMKATOPHBIX paCTeHHH JIA JMarHOCTHKUM MMTAaTeJIbHOPO PeXKUMA JICCHBIX MOE 

TlomyueHuble pe3yJIbTaTbl, YKa3bIBalollve Ha IIPH4HHbI MW M€X@HH3M BbIKJIK 
YeHHA M3 COCTaBa MOKPOBa eCJIbHHKOB-4YeEPHHYHHKOB HEMOPAaJIbHbIX PaCTeHHY 
MO3BOJIAIOT JaTb HOBOe OODACHEHHE PAY CTPYKTYPHbIX H 9KOMOFHUeCKHX Yep’ 
(PHTOIeHOSOB TEMHOXBOHHOM Tahu. | 

Hanpumep, Bolpeku cyllecrBy1oujuM B3riagam (’,°), rilaBHylO NpHunH 
«pJIOPUCTHYeCKOM HEHACHILILEHHOCTH» Tae@KHbIX PUTOMCHO3OB, MHOrHe OCOOeHHC 
CTH HX CHHY3HAJIbHOrO CTPOeCHHA CJIeyeT HCKaTb He B CBOeCOOPasHH KJIMMAaTH 
yeCKHX yCJOBHH (OcOOeHHO CBeTOBOrO pexKUMa) NOX NOMOTOM TeMHOXBOMHOr 
seca, a peakye BCero B Upe3BHIUaHHO OCTPOM KOHKYPeHILMH Me@XKLy KOPHEBbIM’ 
CHCTeEMaMH J€peBbeB 3a MMTATeJIbHbIe BellecTBa ToUBbI. MMeHHO 9THM CaKTC 
pOM, a He KHHBEMPYIOULHM B/IMAHHeM» MOIOra TEMHOXBOHHOFO Jleca Ha KJIMMaT 
Kak 9To cuutaet A. V1. Tosmaues (8), cneqyeT OObACHATH UCKJNOYHTEJIbHY1O BB 
J\@p2KaHHOCTb COCTaBa H CTPOA PYKOBOAILMX accOlMalHH TalirM Ha OoOJIbUIM? 
reorpaduyecKuX MOCTpaHcTBax. | 

Hakone, rviaBHol MpesnocbKOl Wid pasBHuTHA y OopeasbHbIX BUOB pa 
CTCHHH MHOFHX MIpHCHOCOONTebHBIX MPH3HaKOB K YCJIOBHAM CyILeCTBOBaHH! 
B Ta@KHBbIX (PUTOWeHO3aX (B TOM UNCe CanpoduTH3M, MMKOTpOdua) cry*KUT HI 
HeMOCTaTOK CBeTa, a O€AHOCTh MUMTATeJIbHbIMH BeEWLECTBAMH MOB TaeKHbIX PUTO 
ILCHOSOB HU, KaK CJI€ACTBHe 9TOFO, OUeHb BbICOKAaA HallpAXKCHHOCTb COPeBHOBAaHH! 
M@KILY KOPHAMHM 3a HaHOOIee JOCTYNHbIe 3JICMEHTbI NOUBEHHOrO HuTaHuA. | 

B cpete JaHHbIx (?), HJOCTPHPYIOULHX KpaliHe OOJIbILYy!O POJb B3aMMOOTHO! 
INCH M@XKy KOPHEBLIMH CHCTeEMaMH B POPMHPOBAHHH HW KU3HU TaeKHbIX PUTO 
IL€HO30B, JOJIAKHbI ObITh PpACCMOTPeHH! TAKKE HM APyrue BOMpoch sKONOrHH U Cu! 


TOMCHOJIOrHH TEMHOXBOHHOH Tahrn. 
Jla6opatopua slecopeqeHus Tloctymusio I 
Akafemuu HaykK CCCP 21 I 1960 


| 
UHTHPOBAHHAS JIMTEPATYPA 1 


- 1B. TY. Kapwos, JAH, 119, 2, 375(1958). * BT. Kapmo se, gAn, 129, 5 
TOL (L959) eo Kee Mea pn rere Tekan COopuH. ArpoxuMMyueckHe MeTObI HCCHeETOBaHH!Y 
mous, M., 1954. 4B. B. Couasa, )KypxH. Pycck. Gotan. o6m., 15, Ne 1—2, 7, (1930)! 
° B. B. Couasa, Botan. xypu., 29, Nod, 321 (1944). ® B. H. Cy kaues, HlexnApono, 
THA C OCHOBAMH seCHOH reoOoTaHHKH, JI., 1934. TAC Ue Wow Masters: COopH. nmaMaTi 
TI]. H. Kppinopa, Tomex, 1951. 8 A.W. Toamaues, K UCTOPHH BO3HUKHOBeHHA 1 
pasBuTHa TeMHOXxBOHHOH Tauru, M.—JI., 1954. 
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Jlokasayp Akaqemun Hayrk CCCP 
1960. Tom 132, Ne 3 


IKCHEPHMEHTAJIBH AA MOPPOJIOFH A 


B. Tl. KYOKOLWLEB 


CTHMY JIAWAS PEFEHEPAUWMUW KOHEYHOCTH BECXBOCTbIX 
AM@®HBYUH AEMCTBHEM TKAHEBOPO JKCTPAKTA 


(II pedcmaeneno axademuxom H. H. Ilmaaveaysenom 23 XI 1959) 


B nocieqHee BpeMA BHHMaHHe pa UcCeqOBaTeel ObIIO HanpaBJeHO Ha 
W3y4eHHe BO3MOXKHOCTH CTHMYJIAWMH BOCCTAHOBUTEJIDHbIX MpOlWeccOB IKCTpak- 


_TaMu HW3 pasJIH4YHBIxX TKaHeH HU OpraHoB. Pe3y1bTaTbl 3STHUX IKCHEPHMeHTOB CBH- 


AeTeIbCTBYIOT O MePCMe€KTHBHOCTH MIPHMeCHeCHHA TKAHEBbIX IKCTPAaKTOB WIA yCu- 
JIGCHHA PereHepallMOHHOHM CNOCOOHOCTH KOXKU, Me4YeHH, MbILMeYHOH TKAaHHM HM He- 


-KOTOpPBIX Apyrux TKaHeli w OpraHos (%, 1, 13, 18), 


OOHapyKeno, 4TO HavOObIIMM CTHMYJIMpyIOULMM pereHepallHio BJIMAHHEM 


oO61aaror IKCTPaKTbl TOMOJIOTMUHbIX TKaHeH OpfaHOB, IIPHYeM STO BJINAHHE 


He BuocneuRMUYHO. 
B cpere TpHBeeHHbIX JaHHbIX MpelcTaBsIAeT HHTepec HCCJIeAOBaTb BO8- 


-MO2XKHOCTbh IIPHMe€HCHHA TKAHEBbIX SKCTPaKTOB JVIA CTHMYJIAWHH pereHepalluu 
-KOHEYHOCTeH MO3BOHOUHBIX 7KUMBOTHBIX, KOTOPbIC, KaK U3BeCTHO, ABJIAIOTCH 


CJIOMKHBIMH OplahaMH, COCTOALMLMMH 3 pasJIMYHbIX TKaHel. M3yyenue rucrore- 
HETHYeCKHX MpolleccoB pereHepallWH TaKHX OPfaHOB OTKPbIBaeT BO3MO2KHOCTH 
(JIA BbIABJICHHA BJIMAHUA TOTO WJIH MHOTO 3KCTpakTa KaK Ha pereHepalluto Op- 
raHa B WesIOM, TaK H Ha YACTHbIe BOCCTAHOBHTEJIbHbIe HPOMeCChl B TKAHEBbIX KOM- 
NOHeEHTAX eFO KYJIbTH. 

YUHTHIBAA CYILeCTBEHHYIO POJIb CKesieTa B Mpomecce perenepallHH KOHeU- 
HOCTH, H lpexkjle Bcero 3Ha4eHHe MpOfyKTOB ero pa3pywienun (,° §,1°,2%14), 
MBI TIpeANPHHAM MOMbITKY CTHMYJIMPOBaTb pereHepallWiO KOHEYHOCTH Y MOJIO- 
BO3PeJIbIX 2%KepsAHHOK (Bombina bombina L.) B Bospacte 3 eT NyTeM BO3JeH- 
CTBHA Ha HHX 39KCTPaKTOM M3 CKEJICTHbIX JJIEMEHTOB aKCOJIOTJeH, KOTOpble, Kak 
H3BeCTHO, OOaaloT BbICOKOH pereHepalMOHHOH CMOCOOHOCTHIO. 

Cienyer OTMeTuTb, 4TO THCTOreHeTHYeCKHe MpOleccbl nocie amMnyTalluy 
KOHEYHOCTH Y B3POCJIbIX %KePJIAHOK U3YYeHbI elle HELOCTATOUHO HW HX HCCJeLOBa- 
HHe MpecTaBsIAeT CAMOCTOATEJIDHBIM HHTepec. 

B BbINOJIHeEHHH 9KCHePpHMeHTaJIbHOM YacTH padoTE! yuacTBoBasiH JI. H. Opu- 
Hud uO. VM. [Iruupina. Skcrpakt rorToBHJICA H3 CBEXKUX, OTMBITLIX OT KPOBH CKe- 
J€THbIX 3JIEMeEHTOB akcouloTeH. CkesleT pacTHpaJiH HW 3aJIMBaJIM H3 pacueTa 0 
Becy | : 2 pacrsopom nopapeHHol coun (0,65%). HacravpaH 9KcTpakT B Te- 
yenue 1—1,5 uac. npu 2—4°, cbubTpoBasmu uepes OyMaxKHyIO Mesry, MOMe- 
WeHHY!0 B BOpoHKy Byxuepa, HW COXpaHAJIN B XOJOMHIbHUKe He Jobue 3—4 cy- 
TOK. B 1 Ma Takoro 9kcTpakTa COsepxKaNocb 18 mr OewKa. 

-Y BceX *KepJIAHOK AMNYTHPOBAJIH MpaBble MepeAHHe KOHEYHOCTH NO Cepe- - 
IMHe MpeAnieubsA, HW BCsIeL 3a 9THM B OCHOBHOM CepHH ONbITOB B TeveHHe 3 Mec, 
2 pa3a B CYTKH 2KHBOTHbIM HHbeMMPOBAJIM IKCTPaKT, KOJIMYeECTBO KOTOPOrO yBe- 
muuuBaau ot 0,1 no 0,2 Ma B nocneqHHe 2 Mec. B Apyro (KOHTpObHON) cepuH 
BBOAMIM @usHOMOrMYeCcKHH pacTBop. Bce xepJIAHKM NOydaH B HeorpaHH- 
YeHHOM KOJIHUeCTBe MOJIHOMeHHbIA KOpM, TvlaBHbIM OOpa30M B Bue TpyOouHHKa 
(Tubifex). 

KyabTH MOJOMbITHbIX H KOHTPOJbHbIX XXHBOTHbIX (PHKCHPOBAJIHCb CMeCbIO 
By9a B pa3MUHble CpOKH Nocsle ammyTalluu, a uMeHHO: Ha 8; 19; 30; 46 n 60 
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cyTKH Hu uepes 11 mec. CepuitHble napacpHHOBble Cpe3bl TOJILAMHOH 6—8 " OKpa- 
IIMBaIHCb TeMaTOKCHJIMH-303HHOM H m0 Maasopu. Bcero rucrojiorMueckW UC- 
cnelopano 48 ammyTHpoBaHHbIxX kKoHeuHOCcTeH. Hurke mpHBOMTCA ONnMcaHe 
PUCTOFeHeTHUCCKHX MpoleccoB pereHepallUuH KOHeYHOCTeH Y XHBOTHBIX H3 OOe- 
UX CePpHH OMbITOB. 

Ha 8 cyTKH mocse amMmyTalMH KOHeYHOCTH paHeBad NMOBePXHOCTb y NOs: 
OUBITHBIX H KOHTPOJIbHbIX 2XHBOTHBIX B OOJIbIIMHCTBE CJIyYaeB MOJIHOCTbIO I0- 
KDbITa SMMTeAHaIbHOM MIeHKOH, OOpasyloujell_ Tak Ha3bIBaeMbIM SMepMaJIb- 
HbIi KOMAa4YOK — yTOJIMECHHbI ydacTOK SNMTeIMA, KOTOPHIM urpaeT CyUlecTBeH- 
HY1O POJIb pH perenepauuu KoHeuHocTH (7%, 1°). B smuTeiMM OOHapy2KMBaloTCA 
mMuToTH¥eckHe (puryppl. B Tex cay4aAx, KOra KOHIbI KOCTeH BbICTYMaloT H3 
PaHbI, OHH CO3alOT BPe€MeHHOe MPeNATCTBHE MIA 3aBePINeHHA INUTeMSAaHH. 
Ilo, snuTeHeM JIeXxKUT KPOBAHOH CryCTOK C 3aKJIIOUCHHbIMM B HEM Ppa3spyllalo- | 
W{MMUCA (POpMeHHBIMU 3IeMeHTamH. Ilo HeKOTOpbIM JaHHBIM (7), STMTeIM3alMA 
6e3 KPOBOH3JIMAHUA MpenATCTByeT pereHepallMH KOHeYHOCTeH y TOJOBaCTHKOB. 
B AucTaibHO YaCcTH KyJIbTH HaOsOMaeTcA pacma MbIWe4HbIX BOJOKOH. Pa3- 
pyWlatoluluicd y4acTOK BOJOKHa OeHO OKPallHBaeTCA, YTO CBUJeETEbCTBYCT | 
O Pa32%KWKEHHH CapKOMMAa3Mbl, MOCTeMeHHO HCYesaIoT MHODHOPHJIVIbI UW apa. | 
BerpeyaiorcaA KapTHHb! ribl6yaToro uM 3epHucToro pacnaga. Paspymatoulueca 
BOJIOKHa OKPYy2KeCHbI KJICTOUHbIMH 3JICEMCHTAMHM TeEMATOFeHHOPO HM COeCAMHUTEJIbHO- | 
TKaHHOrO mponcxoxenua. Hexoropbie 43 HHX MpOHHKalOT BHYTPb BOJIOKHA, | 
pacTBOpHAIoT ero cOdepxKuUMOe MH *arouuTHpyloT MpOAyKTb! pacnaga. HayKocr- 
Hua Ha KOHWaX AMMYTHPOBAaHHBIX KOCTelt MpemieubA, BCeAcTBHe mpomHde- 
pallM ee 9JICMCHTOB, HECKOJIbKO HaOyxaeT. B HeKOTOPBIX CJLy4aAX BXOJ B KOCT- | 
HOMOS3POBOH KaHaJI y2Ke 3aKPbIT TOHKOH XPAULeBOM MaCTHHKOH. a 

Ha 19 cyrKu, B Tex Cly4aaXx, KOra KOCTb BBICTYNaeT H3 paHbl, paHeBad MO- | 
BePXHOCTb BCe elle He MOJIHOCTbIO NOKPbITa SMHTeIMAaIIbHOH MJICHKOH. | 

B QucTasIbHOW YaCTH KYJIbTH PaspyWIeHHble MbIMICUHbIe BOJOKHA MOUTH NOJ- 
HOCTbIO (aroluTHpoBaHbl. YuacTKM BOJIOKOH, H306ex%KaBliMe pacnafla, pe3KO 
OTTPaHHUMBalOTCA, H B HAX OCYUIeECTBJIAeTCA PelapaTOpHbIM mpouecc. Ha KOH- 
Wax pereHepHPy!OUlMX MbILUeYHbIX BOJIOKOH BO3HHKalOT Y/WIMHeHHbIe MOUKH. 
Iiporonsma3Ma 9THX MOUVeK Ga30:usbHa, Apa OKpyTvible, My3bIPeBUAHbIe, C HH- 
TCHCHBHO OKPalIeCHHbIMH A pbILIKaMH. Hekoropble NOUKH OTMeIAIOTCA MW JeKAaT 
BOJIHM3H BOJIOKOH. B. pesyubTaTe HX Pa3pbIXJIGHHA OCBOOOKawrca MHOOMACTH, | 
HOTOKH KOTOPbIX HalpaBJIeHbl K aMIMyTalMOHHOH noBepxHocTu. Mectamu HaGJIi0- , 
aeTcA CIMAHHe MHOOMACTOB H OOpasOBaHHe MBILeYHBIX TpyOoueK. B AucTamb- 
HOH “WaCTH KYJIbTH NO] SMMTeIHeM HaKallIMBaloTCA 3JIEMeHTbI pereHepallMOHHOH 
Omactembl. B OnacreMe npeoOmaqaioT KNeTKH THMa uOpoOMacTOB, Cpequ KOTO- 
PpbIX BCTpevaloTcA MUTOTHYeCKH MemautMecd. Muoro TakiKe OKpPylJIbIX KJIeETOK 
C HeCefMeCHTHPOBaHHBIM WIM WObYaTHIM AQpoM. BOmH3M KOHIOB KOcTeH BCTpe- 
YaloTCA ECAHHMYHbIe OCTEOKMACThI, OOpasyloulve HeOONbINHe NaKYHbI. SaMeTHbIX 
OTMMYMH MexKAy ONBITHKIMH H KOHTPOJIbHbIMH XKHBOTHBIMH Ha STON cTayuu He 
OOHapyKUBaeTCA. | 

Yepes 30 cyToK nocie aMmytTallHu nok amuTeHeM BHepBble OOHapy2xXMBaeT- 
CH 3akJlaika Oa3aIbHOH MeMOpaHbl. OObem perenepallMOHHOli OlacTeMBI HeCKOJIb+ 
KO yBeMuuBaetca. B OacreMe npeo6.lalaior uOpobslacrH4ecKHe 9/1eMeHTHL, 
OPHeHTHPOBaHHble MapaebHO aMIyTalMOHHOH mMoOBepXHocTH. Tucan ae 
OTAebl KOCTeH MpeMMIeUbA OKPyXKeHb! XPHAWeBOL MO3OJIbIO, KOTOPaA y KOHT- 
POJIBHbIX XXHBOTHBIX HECKOJIbKO He AOXOANT No OOpesa KocTeH, a Y MOMOMBITHHIX 
fepexoAuT B 1Ba XPALMeBbIX BbIDOCTa — saklaky CKesleTa pereHepata. BOmu3H 
STHX BBIPOCTOB JleKaT OKPyTvible NOMble XPAWLM, KOTOPble, 10-BHAHMOMY, COOT- 
BETCTBYIOT 3.1eMeHTaM 3anacTba (puc. 1). Y Bcex *KMBOTHBIX MpOLOMmae;r ocy- 


aiueaaat 2 pereHepaluaA MBI: MHOrO MBbIMIeCUHbIX MOYCK HM MbIMIeCYHbIX Tpy- 
OueK. | 


=) 


Ha 46 cyrku cyiecTBeHHBbIX H3MeHeHuit 10 CpaBHeHHIO C Mpebiyulen cTa- 
Meh He OOHapyxeHo. B TO BpeMA Kak y KOHTPOJIbHBIX 2XMBOTHBIX pereHepallus 
CKeleTa MO-NpeKHeMy OFpaHH4HBaeTCA OO6pas0BaHHeM XPALLeBOL MO30UF 
(puc. 2), y OfHOro m3 ABYX MOMOMBITHBIX 2KHBOTHBIX Ha oOpese KocTH ccbopmupo: 
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uc. 1. Ilpomonbuplli cpe3 uepe3 30-qHeB- Puc 2. T]poloubHbm cpe3 yepes KyJbTIO KO- 
ILI pereHepaT KOHe¥HOCTH (ombIT). O6. 3,7; HeuHOcTH Ha 46 cyTKH nocne amnyTauuu 
otook. 10 x (KOHTpOsb). OG. 3,7; botooK. 10 x 


ic. 3. PereHepaltuoHHad OacTema KOHe4: Puc. 4. Wpofonbubii cpes uepes 11-mMecay- 
HoctH (onpir). Anoxp. 20, doroox. 10 x HbIli pereHepaT KOHeUHOCTH (OMbIT). OO. 3,7; 
dorook. 10 x 


, T. 132, Ne 3, Kyqoxoues 


BaJICA XPAeBOH pereHepatT. DuOpobacruyecKHe 9/IeEMeHTbI OsaCTeMbI Haxo- 
ATCA B CTaqHU AuddpepeHupoBKH: Apa UX CTAHOBATCA Oosee TEMHBIMH, Mias- 
MaTHYeckoe TeJIO 3aMeTHO yMeHbulaetcsH. Mexkyly KileTKaMM OylacTeMbl OOHapy- 
KUBACTCA OOO KOJIHYECTBO KOJJAPCHOBLIX BOJIOKOH. 

PereHepallua MYyCKYyJaTYpbI MpOMOUMKaeT OCYUIECTBIATbCA BeCbMa MHTEH- 
cuBHO. Muo6vlacTbl BOSHUKAIOT B PeSyJIbTATe Pa3PbIXJICHHA MBILNeUHBIX MOYeK, 
a Tak2Ke CMOJI3aIOT HeEMOCPeACTBeEHHO C KOHILOB MBILUeYHbIX BOJIOKOH. Hapsany 
C 9THM MHOFO MOJIOJbIX, BNONHeE AuddpepeHUMPOBaHHbIX MbIMICUHbIX BOJIOKOH. 

Uepes 2 mec. nocuie amnyTaunu y 4 43 5 MOJONMbITHBIX H TaKOFO %*Ke KOMNUe- 
CTBa KOHTPOJIbHbIX KMBOTHHIX CPOPMUPOBAaIHCh HeGO/MbWINe pereHepallHOHHble 
NOUKU, OOPasOBaHHble YTOJIMCHHbIM 9THZePMHCOM C MOCTHAaIOULMM ero MOWJO- 
AbIM KOPHYMOM, peleHepallHOHHOH OvlacTeMOM HM XpALLeBbIMM . pereHepaTaMy 
cTapbIx KocrelH. XPAWIH OKPYy2KeHbI MbIIMeUHbIMH TpyOouKaMM HM BOJIOKHaMH. 
O6patlaer Ha ceOA BHHMAHHe 3HAYHTe/IbHO MEHbINIMH, YeM Ha NpeAbIyunx cra- 
AuaAx, OObeEM PereHepalHOHHOH OwlacTeMbl, 3a cueT PuOpObsacTuyeCKUX 3/1eMeH- 
-TOB KOTOPOH OCYeCTBIAeTCH aNMO3HUMOHHbI pocT xpsita (puc. 3). 

B [lasibHeHIWeM y NOJOMbITHLIX XKHBOTHBIX perenepaTbl pacTyT 3HaYMTeJbHO 
WMHTCHCHBHeEH, UCM Y KOHTPOJIbHbIX, H nO ucTedeHHu 11 Mec. nocmwe amnyTalnn 
IIpe€BOCXOAAT MO CBOMM pa3MepaM PelreHepaTbI KOHTPOJIbHbIX B CpeHeM B 2 pa- 
3a. B To BpeMA KaK B KOHTPOJIbHOM CepuM pereHepaThl, KaK MpaBHJIO, MMe 
BUA HeOOJIbUIMX NOYeK, Y MOMOMITHIX 2XKMBOTHBIX Ha aMIyTaWMOHHOM MoBepx- 
HOCTH CPOPMHPOBaINChb OOMbIUHe WONATOUKH WIM KOHycbI (puc. 4). Uacrora pe- 
TeHepalluM B OCOeHX CepHAX Oba NPHOMM3UTeEMbHO OMMHAKOBa: ATHMMUHbIe pe- 
TeHepaTbl BOSHUKIM y 9 u3 11 nogonbirHEIx u 8 u3 1] KOHTPOMbHbIX 2KMBOTHBIX. 

Vs3yyenne pereHepaToB Ha cpe3ax moKa3a0, YTO NOX 3MHepMucoM, TOV- 
WiMHa KOTOpOrO NO CpaBHeHHIO C MpeAbIyUIHMU CTaQHAMH HeCKOJIbKO YMeCHE- 
waeTca, HMeeTCA BNOWHe LudpepewWMpoOBaHHbI KOPHyM C MHOPOKJIeTOUHbIMH 
| KeTe3aMH. SHAauHTeIbHY!O YaCTb peFeHepata CocTaBAOT NpoMosrowarble Xps- 
ULM, B OOJIBLIMHCTBe CJIy4aeB CJIMBLIHeECA CBOHMH OCHOBaHHAMH H MepexojAue B 
_ KOCTHY1!O MO30JIb BOKPyF KOHWOB KOcTeH npefnmeubs. Bo pcex cay4yanx pere- 
HepaTbl CKeJleTa Y NOJONMbITHBIX 7KMBOTHHIX 3HAYMTEJIbHO MpeBOCXOAHJIM 0 CBO- 
HM pa3MepaM pereHepaTbI KOHTPOJIbHbIX. 

B fuctasibHOM OTJesIe HeKOTOPbIX pereHepaTOB OOHApPyxKeHbl OKPYTvibie 
WJIM HECKOJIbKO BbITAHYTbIe XPAWLH, KOTOPble, NO-BHAHMMOMY, MpeCTaBJIAIOT CO- 
Oo SJIEMeHTHI 3anacTba. Ha noBepXHOCTH 9THX XPAWleH, a Take BOKPY!F OCHO- 
BaHHH XPALLeBbIX pereHepaTOB KOCTeH IpeAMIeubA yxKe HMeeTCA TOHKAA KOCT- 
Had MaHKeTKa. XPAULM OKPYyKeHbI BOJIOKHHCTOH COeCAMHUTeEIbHOH TKAHbliO; 
OylacTeMa Ha STO cTaMH, Kak MpaBHuio, yxKe ucyesaeT. BcwlecTBHe HHTeCHCHB- 
HOrO pa3pacTaHHaA COeEAMHUTEIbHOM TKAHH HOBOOOPa30BaHHble MbILMeYHbIe BOJIOK- 
Ha B OOJIbIIMHCTBe CJly¥aeB He MPOHHKAalOT B AMCTAJIbHYIO YaCTb perenepata Hi 
HaXOJATCA JIMUIb B CFO OCHOBaHHH. 

Pe3ybTaTbI MpOBeJeHHbIX HCCJIeEAOBaHHH CBHJeTebCTBYIOT O TOM, 4TO 9KC- 
TpaKT W3 CKeJICTHbIX 3JICEMCHTOB AKCOJIOTIA OKa3bIBaeT CYILeCTBeEHHOe CTHMYJIH- 
pyloulee BIMAHMe Ha pereHepallMlO KOHEYHOCTH B3POCJIbIX %KePJIAHOK, YTO OOyc- 
JIOBJICHO, B IepBY!IO OY¥epeb, YCHIeHHeEM MpolleccoB mpoMepallMuH KOCTHOH 
TKaHH. PereHepalluA CKeJleTa Y MOJOMNbITHBIX KMBOTHBIX HAaYMHAaCTCA 3HAUNTEJIb- 
HO paHbllle, YeEM Y KOHTPOJIbHbIX, H OCYLICCTBIACTCA OONIee SHEPIHYHO, B pesyJIb- 
TaTe 4erO CKesIeT pereHepaTOB KOHEYHOCTeH MOMONbITHBIX KEePJIAHOK 3HaUNTeJIb- 
HO MIpeBOCXOJHT MO CBOMM pasMepaM CKeJleT KOHTPOJIbHbIX. SaMeTHOFO BJIMAHUA 
9KCTpakTa Ha pereHepallHiO SMHTeIHA, MyYCKYJlaTypbl H MpOYNX KOMMOHEHTOB 
KYJIbTH He OOHAPy2KeHoO. 

B page uccmeloBaHuli Obluio NOKa3aHO 3HAaveHHe *a3sbl AecTpyKUMH WIA Ocy- 
IeCTBJICHHA pereHepalluH KoHeuHOcTH. Ilyrem ycumeHHA JecTpyKUMH CKeJeT- 
HbIX 3JIEMCHTOB KYJIbTH yJlaJlOCb NOJYYHTb aTHMMYHY!O pereHepallHtO KOHeCYHO- 
CTH Y XKHBOTHBIX, B HOPMe HecnmOcoOHBIX K ee OcylecTBueHHiO (4, ’). IIpogon - 
2KHTeCJIbHOe BBEeHHe KePJIAHKAM IKCTPaKTa H3 CKeJIETHbIX SJIEMCHTOB, MO BCeH 
BepOATHOCTH, YaCTHYHO KOMMeHCHpyeT OTCYTCTBHE MOCTaTOUHO MHTCHCHBHbIX 
Tmpolleccop JecTpyKUHH CKeJleTa B OCTaTKe KOHEYHOCTK H, BcweCTBHeE STOrO, 
i? Ces 


cTHMyIMpyeT ee pereHepaluio. Perenepallua, OMHAKO, ABJIACTCH aTHMHYHOH, 
UTO BbIParKaeTCA, Mpexkle BCelO, B OTCYTCTBHM BOCCTAHOBJICHHA AMCTAMbHOFO OT- 
jlesla KOHCYHOCTH, KOTOPbIit (OPMUpPyeTcaA PIaBHbIM OOpa30M U3 pereHepal\HoH- 
Holt Oulacremp! (1). B cBa3H Cc TeM, UTO OaCTeMa B3POCJIbIX *KePJIAHOK He AOCTH- 
raeT 3HaYHTeJIbHOrO OGbeMa MH He cnocoOHa K OOPasOBaHHtO AMCTAabHOrO OTAea 
KOHeYHOCTH, ee CilelyeT OTHECTH K TaK HaSbIBaeMbIM mIceBLoOlacremam (7°, 1’), 
HMeA B BHI, YTO 3a CUeT ee SJIEMCHTOB BCE 2Ke OCYILECTBIACTCA AlNO3HUMOHHbIA 
poct ckeyleTa pereHepata. 

IlpumMeHeHve TKaHeBbIX 9KCTPaKTOB MOXKET CTYXKHTb OAHHM U3 CIOCOOOB 
CTHMYJIAWHH pereHepallMH cCKesleTa H KOHeCYHOCTH MO3BOHOUHBIX. 
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IKCHEPHMEHT AJIBHAA MOP@OJIO‘H A 


B. B. MOMOB u A. H. PAPBEPOB 


BJIAAHHE JIYYEBbIX BO3AEHCTBHU HA CMOCOBHOCTb 
PJIASA K HHAYKUWAM POrOBHI{bI 


(IT pedcmaeaexo akademuxom H. H. II maaveaysenom 238 XI 1959) 


HMonv3supyloulanA pagMallMa OKa3biBaeT O¥eHb TvlyOoKOe H MHOroOoOpa3sHoe 
BHAHHe Ha HHAMBUyalbHOe pa3BHTHE MHOLOKJIeTOUHbIX  KHBOTHBIX, XOTA 
WHTHMHad CTOpOHa STOFO BJIMAHHA Tak HW OcTaeTcaA HeH3BecTHOH. Jlaxe crappili 
M, Ka3aJlOCb Obl, WpOUHO OOOCHOBAHHBIH 3aKOH Beproube u Tpn6onyo, cormacHo 
KOTOPOMY PpaJMOUYBCTBUTeJIbHOCTh TKaHeli Ip AMO MpoOnmopMOHabHa CHOCOOHOCTH 
KJI€TOUHDbIX 9JIEMEHTOB TOH HJIM ApyrOw TKaHH K pa3MHOKeHHW H OOpaTHO Mponop- 
IHMOHAJIbHa CTeneHH HX AupepeHUApOBKH, NOABepraeTcA B MocseqHee BpeMaA Joc- 
TaTOUHO OOOCHOBaHHbIM COMHEHHAM (+). Ho He3aBHCHMO OT IpUposb! Obero BIMA- 
HUA JTYYeBbIX BOSJeCHCTBHH Ha 2KHBbIe CHCTEMbI MOXKHO IpeAMOJIOXRUTh, UTO 3TH BO3- 
JelcTBHA HapyllatoT POPpMaTHBHble CBA3H MeXK LY YaCTAMH PasBUBalOleroca op- 
TaHH3Ma, 4YTO H IIPHBOAMT K OBICTpOMy HCKaKeHHIO WM NOMaBJIeHMIO Pa3sJIMYHBIX 
OpraHO- H THCTOreHeTHYeCKHX poleccoB. OKCMepHMeHTaJIbHbIe PadoTH 0 
M30NpaTeJIbHOMY BO3JeHCTBUIO JIYYHCTOH SHeprvel Ha OTJeJIbHbIe KOMMOHEHTHI 
@OpMaTHBHBIX CBA3e€H MOJIHOCTbIO OTCYTCTBYIOT, 3a HCKJIOYeHHeM Halllero HC- 
CJlelOBaHHA MO OOpas0BaHHIO POFOBHIbl H3 PeHTTeHH3HPOBaHHOH KOXKH (?). 
B ocHoBe HallIMX OMbITOB JleKaH aBHO OTKPbITHIe ABJICHHA, CBASAHHbIe C ya- 
J@HWeEM Hapy2KHOH pOroBHllbl y FOJIOBACTHKOB WJM C 3aMellleHHeM yjlaJieHHOH 
POroBHUbI JOCKYTOM KOXKH. Oka3sal0cb, YTO KOMKHbIe pereHepaThl HM TpaHCciiaH- 
TaTbl HCIIbITDIBAaIOT MO BJIHAHHeM Tvla3a ps, CYULeCTBeHHbIX H3MeHeHHH (Ze- 
MMrMeHTaulwA, PHCTOOrHyecKkaA TepecTpolka, NOABJIeHHe XapaKTepHOH WIA 
POrOBUILbI KPHBH3HbI) HM UpeoOpasyloTcsx B HOBy!O poropnuy (°,*). Haim onpitst 
OTJIMYaJIMCb OT TOJIbKO 4TO YNOMAHYTHIX OMbITOB JIMIIb TEM, YTO MbI, HMeA JeJIO 
¢ NepecamKOH KOXKH Ha MeCTO POrOBHIbl, NOABeprasH JOHOPOB peHTTeHOBCKOMY 
o6yyeHuio (1500 r), uro npHBOAMJIO, BONpeKH O%KHaHHAM, K 3HaYHTe/bHOMy 
HM MOCTOAHHOMY yCKOpeHHIO HHAYKUMH HOBOM poroBuubl. A B HaCcTOALeM HC- 
CJlelOBaHHH MbI CJleslasiH MOMbITKY NOABeprHyTb BO3eHCTBHIO HOHM3upyioulek 
palMallMu Jpyrok KOMMOHeHT UHTepecytouleH HaC WHAYKUMOHHOM CBA3H, a 
HMeHHO Tvla3 TOJIOBaCTHKa,— C TeM U4TOObI MOCMOTpeTb, KaKOBbIM OKaKeTCA 
@opMaTHBHOe BJIMAHHe OOyYeHHOrO Tvla3a Ha MepecaxkeHHy!O Ha Hero HJM 
pereHHpoOBaBLy!O Hal HHM HeOOJlyYeHHy!0 KOxy. 

Mobi MpoBosxuM Hallie HccJIeqoBaHHe B TeyeHHe J[ByX JIETHAX Ce30HOB Ha Fo- 
nopactuKax Rana ridibunda, R. esculenta u Bufo bufo, Haxoqupuiuxca Ha 
2—5-ii crayquu passuTua (no A. I. Jlanuuuckomy). Ho xXo3sepa u JoHOppl 
B OMbITaX C TepecaqKaMH KOMKH HMeJIM OMMHAKOBbIe pa3sMepbl H OMHAKOBBIE_ 
BO3pacTHble MpH3Hakv. PeyKve HCKMOYeHHA 3 9TOFO TIpaBUsa ObIIH OOyCJIOB- 
JI@Hbl BPCMeHHbIMH HEXBaTKaMH MOJONbITHOrO MaTepHa/la HM BbIPaKaIHCb B HC- 
MOJIb30BaHHH OOJlee MOJIOAbIX JOHOPOB Cc OCOOeEHHO XOPOWIO pearupyrouluM Ha 
BO3eHCTBHe Tjla3a KOXKXHbIM MOKPOBOM. 

O61yyeHMIO NosBepradicA MpaBbilt ras NOMOMbITHEIX HKMBOTHBIX, JI wero 
HCIOJIb3OBaJICA peHTrenoBCcKuit anmapat PYII. [omumo Toro Opti CewaHbl KOH- 
TPOJIbHBI€ OMbITHI C BMAHHeM HeoOsyyeHHOrO ryia3a Ha HeOOyyeHHy!0, Mepe- 
caxKeHHYIO H pereHepupoBaBllyi0 Koxy. M36upatetbHoe OOsyueHHe rasa JO- 
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CTHTalOCb C MOMOM[bYO H30rHyTbIX MO @opMe TeJia TOOBaCTHKa CBHHIUOBbIX 
9KPaHUPYIOWMX MIaCTHHOK, B KOTOPHIX ObIIO CfesaHO OKpyrioe OTBepCcTHe 
WIA JOCTYMa PeHTTeHOBCKUX Jyueli K rulasy. BewMunHa 9kpaHoB HM OTBeEpCTHH 
BapbupoOBala B 3aBHCHMOCTH OT pa3Mepa NOMONBITHOrO AMBOTHOTO HM OT AHa~ 
MeTpa ero raza (1,2—2,0 mm). B cBx3H C MHOPOUNCJICHHBIMM CBeyeHHAMH 
O BAMAHHM HapKOTHKOB Ha 9JIeKTPOpeTHHOrpaMMy, HeMOBHAKHOCTb MOMONbIT 
HbIX 2KHMBOTHBIX JOCTHTaslacb C MOMOMLbIO BaKHOM BaTbI. [lo oxonyaHuM OOUY- 
YeHHA TOrO WIM Apyroro OOteKTa, MbI KaxKIbIH pas MpOBepAH, He CIBHHYJICA 
JIM TOJIOBACTHK CO CBOerO MECTAa NOX MJIOTHO IpHeratouluM K HeEMY CBHHILOBBIM! 
(byTJIAPOM; HHbIMM CJIOBaMH, NOyuN WM ero ria3s HafeKalllyio Mo3sy Jy- 
yucToH sHepruu. JlaxKe clerka CMe€CTHBIIMECA YFOJIOBaCTUKH UCKJMOUAIIMCb Us! 
auibHehilero 9KCNepUuMeHTa. 

Mobi Bo3felicTBOBaJIM Ha rua3HOe AOMOKO Pa3HbIMH JO3aMH PeHTTeHOBCKHX! 
ayuel, HauwHaa oT 50 u kon4uaa 1500 r, mpHyemB CBxA3H C moceqeHCTBHAMH! 
MOHM3UPytolleH paqualun yaleHve pOrOBHIbl WH ee 3aMelleHHe JIOCKYTOM!I 
KOK MPpOU3BOAMIOCb Ha BTOPOH JeHb Nocwle OOyYeHHA. e 

OcuoByuad Macca Hallux OMbITOB 3aKuIOUaIaCb B NepecaqKe HOPMAaJIbHOM! 
KOKM Ha MeCTO HapyxKHOH poroBuub OOyyeHHOrO ryia3a. Croya OTHOCHTCA! 
85 ylauHbIx ONepalul, KOTOpbie CONpoBoxK auch 15 KOHTPOJIbHbIMM OMep allna- 
Mu. Cy 10 BCeMY, KOXKHbIC TpaHCanTaTbl IPWXKUBJIAIOTCA OCOOCHHO XOPOILO} 
B OOacTH O6s1y4eHHOroO ryia3a. Ho HecMOTps Ha 9TO, MBI axe yepes 2 Mec. Nocse 
onepaluu, KOra MHOrve H3 MOMOMBITHBIX TOJOBACTHKOB yCileM yxKe Mpeppa-' 
THTbCA B CerOuleTOK, HH pa3y He HaGsIOLaH MpecOpas0BaHuA KOMKHOFO TPaHc-| 
yiaHTaTa B HOBY!O pOroBully, TOra Kak Haj, HOPMAJIbHBIM I'Jla30OM KOHTPOJIbHbIX 
2KMBOTHHIX HHAYKIMA POTOBHIbI NOJIHOCTbIO 3aKaHUMBalacb B TeyeHHe 12— 
20 aHeH. . 

Mb He MIbITaIMCb BbIACHHTb B HaCTOMIUeM uCccleqoBaHHM XapakTep OPI 
HOPMaJIbHOrO HM N0-pa3HOMy OOyuYeHHOrO rvia3a y OOBEKTOB Halllero HCCJIeEOBa- 
Husa. [lostTomy HaM TpyHO ObIVIO BHIACHUTb, MO, BJIMAHHEM KAKOM MHHAMAJIbHON 
AO3bI OOJYYCHHA Tula3 yTpayuBaeT CMOCOOHOCTb K HHIYKUMH POrOBULb! B Mepe-: 
CaxKeHHOH KOxKe. OHaKO, CHH%KaA MOCTEMCHHO HHTCHCHBHOCTb OOJYYeCHHA, MBI 
yCTaHOBHJIH, UTO axKe HESHAUHTeJIbHaA WIA amcuOut 703a BOO r yxKe NoaBsa- 
€T POPMATHBHY!O CHOCOOHOCTh ria3HOrO AOIOKa Y TOMOBACTHKOB pa3HOro BO3-. 
pacta. Hecmotps Ha TO, uTo OOy4eHHBI ria3 UMeeT B OOILEM HOPMaJIbHOe TH- 
CTONOrHyecKkoe CTpOeHHe, NOKpbIBaIOUIMH ero TpaHCIWaHTaT BCKOpe mpopa- 
CTaeT XOPOIIO 3aMeTHbIMH KPOBCHOCHbIMH COCyaMH M He OOHapy2KHBaeT HH 
MasleHileH TeHJCHIMM K IpeBpallleHuto B POroBHlly. 

Jai yTOUHeHuA POPMATHBHBIX CBOHCTB OOYYeHHOTO Tyia3a OnWIO cyeaHO 
Ba JONOJIHMTCJIbHbIX OMbITa: BO-MepBbIX, Mepecayka Ha OOJIYUeHHBIM ras 
(50 r) o61yueHHOH KoxKH (1500 r) u, BO-BTOpBIX, MepecayKa HOPMaJIbHOM KOU 
Ha HOPMAJIbHBIM ras c Mocwexyroulum (yepe3 4 qHaA) OOMyYeHHeM OMepupoBanH- 
Horo rasa. Ecau oOnyueHHbli ria3 He BAMAeT Ha HOPMaJIbHYIO KOMy, TO He 
MOBJIMAeT JIM OH Ha OOMYUeHHY!O KORY, OONaaiouly!o, KaK OblwI0 CKa3aHO BHa- 
yale, Ooee BLICOKOH peaKTHBHOH cnocoOnocTbw. Mbl orpaHuunsMch B STHX 
ombitax Bcero 16 %xXHBOTHbIMM, KOTOPble MOHOTOHHO MOKasasM, YTO JaxKe ca60 
OONY4YeHHIM Trias He BbISbIBaeT HU MaJelilero HaMeKa Ha HHAYKIUMIO POrOBHUbl 
B OOJIYYCHHOH KoxKe. 

Ho korya Mbl yausu y 45 rouoBacTHKOB C OTHOCHTeIbHO Cabo O6y4eH- 
HbIMH ria3samu (70—500 r) Hapy2KHy10 poroBHully, 3aXBaTMB Ip 3TOM OKpyxXal0- 
Uly!o ee HEOOJIYYeHHY!O KORY, TOra KaxKMH perenepatT 6e3 3ameruoro ono03ya- 
HUA NpeocOpasoBasica B HOBy!0 poroBuny. MU TOMbKO Mocae OCcTaTOUHO CHbHOTO 
oOulyyennsa (1500 r), Kak STO HaGmoOfaocb B 5 cry4aax, ras yTpaTum cmoco6- 
HOCTb K HHAYKUMM POTOBHIbl B pereHepHpOBaBlllehH KO*Ke, XOTA Taka rycTo 
MMIMCHTHPOBaHHad KOKA OObIHO HCTOHYaach HM MpMoOperasa KpuBUsHy, 
CBOHCTBeHHYy!0 poroBule. OgHako B 2 cy4yaax, HECMOTPA Ha CHbHOe Ty YeBOE 
BOSJeHCTBHe, MbI BCe Ke BHACIH MBAYKUMIO POFroBHbl, HavaBlllyiocA OUeHb 
MO3HO MO CpaBHeHHIO C KOHTPOJIbHBIMH OMbITamMH — Ha 18—20 yeHb nocae 
onepauMu. OTH CiyyaM HaBOJAT Ha MBIC/Ib, YTO PeHTTeEHHSHPOBAaHHI ria3 
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; KOHL KOHIOB OCBOOO*KMaercn OT NOCMEACTBUL JTyYeBOrO MoOpaxKeHUsA HM CHOBA 
puooperaer croco6HocTb kK tbopMaTHBHOMY BAMAHHIO Ha Koy. Ho Kora TaKo- 
1y BUIMAHMIO MOBepraiwrcs CAMUIKOM NO3AHHe pereHepaTh! H XOPOLO Wudbepen- 
WpPOBaHHble TpaHCaHTaTbl, yKe YTPaTUBIUMe CNOCOOHOCTh K MpeoOpa30BaHHlo 
; HOBY!IO POroBully, TOra 9TO BJIMAHWe Tak M OCTaeTCH HepeasM30BaHHbIM. 
/Ka3aHHble BHI ONBITHI, JIMBUHeCA OKOsO 1,5 mec., ele pas, u MpHToM 
 OcoOoh HarIAHOCTHIO, NOMVeEpKUBAIOT 3HaqHTebHbIeC (OPMATHBHbIE BO3MOXK- 
OcTH KaxkKoro perenepaTa MO CpaBHeHH!0 C KOXKHbIM TPaHCMJIaHTaTOM IIpH 9KC- 
€PHMECHTAJIbHOM BOCIIPOH3BeeCHHH MHTepecyroulero Hac OpranoreHesa. 

B Halilem MpeypiqyuleM HCCJIeROBaHHM Oblia NOKa3aHa BeLyulad pOsb PoTo- 
CIe€MTOPHbIX 3JIEMCHTOB CeTYaTKH B MHAYKUMH POToBullbl y JHYHHOK Oec- 
BOCTHIX ampuOul (°). [lepepe3aa 3puTebublit HepB y TOJIOBACTHKOB, MBI BbISbI- 
aw Jerenepaluio u aTpOduro ux ceTuaTKH. JlecTpyKTMBHbIe H3MeHeCHHA 3a- 
paruBaJu Mpu STOM BCe PETHHAJIbHbIC CON 3a MCKJNIOUCHHEM HaHOowee BaxKHOTO 

HanOouee ZpeBuero cioa cboTopeuentopos. Takue rity6oKo ectpyKTHpoBaH- 

ble rla3a COXpaHAJIM, TEM HE MeHee, CNOCOOHOCTb K CBOCBPeMeCHHOH MHILYKUMK 
OJIHOIEHHOM POFOBULbl, YTO H MOXKHO ObIIO OObACHHTb COXPAHHOCTbIO KONGOU- 
(OBLIX H [aJIOUKOBbIX KJICTOK. 
_ ConoctapseHue pe3yJbTaTOB YKa3aHHbIX OMbITOB M HaCTOAULero UCcCTeqOBa- 
[MA [aIO OCHOBAHHE MpeAMOMORKUTb, YTO PCHTTeHOBCKHE JVM BbISbIBAIOT Ka- 
‘M€-TO CTOMKHe H3MCHEHHA POTOPELENTOPHBIX SJIEMEHTOB, MOMABJIAA TEM CAMbIM. 
MOCOOHOCTh rila3 K MHAYKWMN poroBuubl. loucKku, cBA3aHHbIe C STHM BOIPOCcom,, 
SIMCb B BYX HallpaBJIeHHAX: MOp*oJlorMyecKOM HM FHCTOXHMNUECKOM. 

Ilo o6ujeH KapTuHe CBOero TOHKOrO CTPpOeHHA OCOMYYCHHBI Tas HACKOJIbKO: 

je OTMMYAeTCA OT HOPMaJbHOrO Tvia3a. Ho mpH THaTeJIbHOM H3Y4YeHHU PasHbIX 
yacTKOB CeTYaTKH OOJIYYeCHHOrO Tyia3a MOXKHO OOHAPyKUTb 3aKOHOMepHOe 
OpMoxeHve B HOBOOOpasoBaHHH UM AudpepeHMpoBKe e€ CBeTOBOCIPHHUMAIO- 
WWMX KeTOK. Bipouem, HW Apyrve COM CeTuaTKH, KOTOpble, CyA MO Halliemy 
IPCAbLILYULeEMYy MCCJIEQOBaHHIO, HE MMeIOT IPAMOTFO OTHOWCHHA K HHAYKUMH po- 
OBHIbI, BLIMIALAT ClerKa HCTOHYCHHBIMH. B CBaA3H C 9THM MbI MOACUMTAaIH Ha 
{CMMAbHBIX Cpe3aX KOJIMYECTBO CPOTOPeMENTOPHbIX, OMNOAPHBIX W TaHrMo3- 
IbIX KJIETOK B CeTYaTKAaX OOJIYYCHHEIX MH HeOOJIYYeCHHBIX Tla3, IpHyeM OKa3sa- 
IOCb, UTO KOJIMYECTBO 3THX KJIETOK PaBHOMePHO yMeHbIlaeTcA NOX BIMAHHEM 
OYYeHHA MpHMepHo B 1,5 pasa. 
_ TwcTroxumuyeckoe w3y¥eHHe CBETOBOCIPHHUMAIOWINX KIeETOK, TOUHee — OO- 
)A3VIOWLETOCA B HUX POMOMCHHA, ObINO OCHOBAHO Ha CJIeELyIOWINX CoOOpakeHHAX. 
13 pala paOoT no dusnovioruu HU OHOXMMMM 3PeCHHA BbIACHACTCA HAJIME CBASH. 
[eK LY POTOXHMUYECKHMM MpoweccaMuH B CBeTOBOCIPHHMMAIOMIMX KJIeTKaX HU 
sH-rpynnaMu, WHaKTMBAalluA KOTOPbIX HapylWlaeT HOPMaJIbHOe TeyeHHe STHX 
[POIeCCOB HM BOCCTaHOBJIeHNe JeKTpOOuonoTeHyHana. IIpu welicrBuu peHTre- 
OBCKOTO OGJYYeHHA OOPasyIOTCA BTOPHUHbIe BICKTPOHbI, KOTOPble, COrsacHo 
UMMYeCKOH TunmoTese OHOJOrMYeCKOrO BJIMAHHA WMOHUSUPYIOWeH paualun,. 
OCpeCTBOM HOHH3allHH HM BOsOy2KTeCHHA CO3aIOT AKTHBHbIC PauKaJIbl BOI 
pacrBoputeia). IlocmeqHue M MOryT BIMATH Ha POJONCHH, B YaCTHOCTH Ha ero: 
eIKOBbIeC KOMMOHEHTHI, ComepxKauine SH-rpynnp. B pesymbraTe 9TOrO MOMKeT 
pousolitu OKuCHeHue SH-rpynum pofoncuna uv MpeBpallenve uxX B S—S-dopmy.. 
3 CBASH C 9THM MOXHO ObINO MpeqNONOKUTL, YTO NosaBenuve POPMAaTHBHbIX 
BOHCTB CeTYaTKH B HepBy!lO Ovepesb 3aBUCeNO OT eMCTBUA HOHUSHpytoulero 
30yueHHA Ha OeKOByIO YaCTb poponcuHa, Ooratyio SH-rpynmamu. Orcioga 
-BOSHUKJIA Halla MOMbITKAa HCCeOBATb KOJIMYeCTBO pomOlcuHa B OOJYYeCHHBIX 
-HeOOyYeHHDIX riagax. Takad MOMbITKa He MpOTHBOpeuMJa HeMaBHeli paooTe 
leckuua (°), MoKa3aBilero OOJbUIyIO yCTOMYMBOCTH pOsOlcuna K AelicTBUIO peHT- 
CHOBCKOFO H3/IyYeHHA, HOO STOT UCCMeLOBaTeb MpeHeOper BO3MOXKHLIM BJMA- 
VeM MOCeMeHCTBHA WOHH3UPYyIOUleH pafualuH Ha (OTOPeLelTOPHbIe KeTKH 
eTYaTKH HM He KOCHYJICH Ba KHOFO JIA HaC BOMpoOca O BO3MOX%KHOM BJIMAHHE 
YU4MCTOH SHepruu Ha CHHTe3 M pPaciay 3puTeMbHOrO Ilyplypa. 

Jliad BHIABICHHA POJOMCuHA B OOsyYeHHbIX HW He OOJIYYeHHbIX CeTYATKAX, MBI, 
CIpOGOOBaB pa3JIM4HbIe METOMMKH, OCTAHOBHJIHCb Ha cnoco6e Bepxka u Ceraua (”), 
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allmpOOHpOBaHHOM 93THMH aBTOpaMH Ha Pa3HbIX MO3BOHOUHBIX, B TOM YHCII 
MW Ha 3CMHOBOJHBIX (XOTA M B3POCJIbIX). 

TIpexme scero Mbl yOequHCb, YTO yKasaHHbIii CNOCOO AaeT OTUETJIMBbI 
KapTHHbI HaJIM4AA M OTCYTCTBHA POMONCHHAa y PaHee He H3Y4CHHbIX B 9TOM OTHO 
WIeCHHM TeEMHO- HM CBeTIOaalITHPpOBaHHbIX FOJIOBaCTHKOB. UToO Ke KacaeTCa BHA 
HUA OOMYYCHHA Ha KOMMYECTBO POAONCHHA, TO B OOJIbUMMHCTBE CJly4aeB OY 4eH 
HbIle H HeOOJy YeHHbIe T1a3a He OTMMYAIOTCA NO STOMY IIpH3HaKy Apyr OT Apyra 
IIpapya, B OTACIbHbIX CYYaAX MbI oOnapyKUIK B OOJIYYCHHEIX Plasax HeNOI 
HOC HAKOMMeHHe POLONCHHAa Ip TeEMHOBOM ajallrauHu MW HeMOMHbIM ero pactaj 
B yClOBMAX OcBelleHua. Ho y Hac BCe %Ke HET YBEPCHHOCTH, YTO Cy?KeHHe MHA 
MMKH pogoricuHa OOyCOBIeEHO eHCTBHEM JIYYHCTOH SHEPHH, a He ABMAACTCS 
CuyuaHHbIM pe3yJIbTaTOM HCMOJIb30OBaHHOH HaMH, MO-BAXMMOMY HaHJly wien 
HO BCe elle HEYCTOMUYHBOH MO CBOMM MOCeACTBUAM, PHCTOXHMMYeCCKON MeTOLMKH. 

Bo BCAKOM cJlyuae Quid OObACHCHHA OTKPbITOrO HAMM ABJICHHA, a HMCHHC 
YTpaTbI r1a3OM rosIOBaCTHKAa NO BIMAHHEM OOTY YeHHA ero CMOCOOHOCTH K HHAYK 
IMM POPOBUIIbl, OTHIOMb HeOCTATOUHO OTMEYCHHbIX OOCTOATEJIbCTB: yMeHbILe 
HHA KOJIMYECTBA POTOPeMENTOPHBIX KJIETOK HM BOSMOKHOTO CyKeHUA NMHAMUKY 
poyoncuna. Ilostomy MbI OOpaTHMcb BMOCHeLHee BPeCMA K MOMbITKE HCIOVIb30; 
BaTb BBeJeHHbIe B IJIEKTPO*PU3HOJOrHIO T1a3a MeTOAbI H3OMPaTe/bHOFO orpaB 
JICHUA UH paspyUIeHHA CBETOBOCIIPHHHMAIOWINX IJIeEMeHTOB ceTuaTKH (*) IpHMe 
HUT@IbHO K OObeKTaM H 3ajayaM Hallero HCCeMOBaHHA, a TakKoKe K H3Y4eHHK 
PeTHHOMOTOPHBIX ABJICHHH Y «TEMHOBbIX» H KCBETOBbIX» FOJIOBaCTHKOB, MOBepry 
HYTHIX HM He MOBePrHyTHIX TeHCTBHIO JTy4HCTOH SHEP, M K CHATHIO y HH? 
QPL, Kak OO6beKTHBHOFO MOKasaTeJIA PYHKUHOHAbHOrO COCTOAHHA UX KO60u- 
KOBBIX HM [laJIOUKOBbIX KJICTOK. | 


MockoscKHi rocyapCTBeHHbI YHHBepCHTer Tloctynu0 | 
um. M. B. Jlomonocosa 21 XT 1959s 
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1960.' Tom 132, Ne 3 


IMBPHOMOLUA 


r. A. BY3HHKOB 


XOJIHHICTEPA3SA B I3MBPHOTEHE3E TOJIOKKABEPHbIX 
MOJIJIFOCK OB 


(IT pedcmaenexo akademuxom A. H. Baxyaegoim 28 I 1960) 


SMOpHopusnoornyecKkad POJIb M€MaTOPOB HW yUAaCTBYIOUMX B HX CHHTE3e 
| paspylienuu cbepMenTos u3yyeHa OYeHb MaJlO. BosbuIHHCTBO MMeIOULMXCA 
0 3TOMY BONpOcy paOoT MOCBSAMeHO HCCeEAOBaHHIO ALeTHJIXOJIMHSCTepasbl. 
‘CTaHOBJICHO, HallpHMep, UTO y SMOPHOHOB pblO uw amcuOult aleTuJIXoMHaCTe- 
a3a JIOKaJIM30BaH4, rvlaBHbIM OOpa30M, B Il. H. C. H HEPBHO-MbIMeUHbIX CHHaNCcax, 
puHyeMm peskoe HapacTaHHe ee aKTHBHOCTH MpOuCXOANT cTporo OHOBpe- 
HHO C IIOABJICHHEM TepBbIX JBHPAaTeIbHbIX pedseKcos (1~°). MuruGutoppi ate- 
UJIXOJIHHSCTePa3bl YIHeTAaIOT JBHKEHHA YMOPHOHOB, a BOCCTAHOBJICHHe HCXO]- 
Oro YPpOBHA XOJIMHSCTepa3sHOH AKTHBHOCTH IIPMBORUT K HOPMaJIu3aluu IMOpH- 
HaJIbHOH MOTOPHKH (*,*). CxoqHble JaHHble MOJTYYeHbI Ha OeCMO3BOHOUHBIX 
rpemMaToyax, HAC€KOMBIX, HIVIOKO*KUX, OOOMOTHNKAX). Y 3MOPHOHOB 3THX %KH- 
OTHHIX AlIleTHJIXOJIHHSCTepasa JIOKa/IM30BaHa B HeEPBHOM H (HJIM) MbIIMedHOH 
KaHAX, a €€ HHAKTHBAILMA WIM HapylleHve ee CHHTe3A, Kak [1paBHO, MoqaB- 
stoT 2MOpHOHasbHy!0 MoTopHky (° 1°). [IpupeqeHuHbie PakTbI NO3BOJIAIOT MOwa- 
aTb, UTO CHHTe3 AlleTHIXOJIMHICTepasbl CelHpuyeCKH CBA3aH C hOpMHpoBa- 
H€M H€PBHOH! M MbILUeTHOH CucTembl B 9IMOpHorenese. IIpuBseyeHHe HOBbIX OOb- 
KTOB HCCJI€OBaHHA MOTJIO Obl WaTb MaTepHad JIA MpOBepKH ZTOTO BaxKHOrO 
bIBOWa. 

Haun’ OnbiTb CTaBHJINCb Ha 3MOPHOHAX FouO*KaOePHbIX MOJIOCKOB (Gastro- 
oda, Nudibranchia). Kaaqku 3THX %KMBOTHBIX MOFyT ObITb JIerKO MOJTyYeHbI 

aKBapHaJIbHbIX YCJIOBHAX MH COJepxKaT OOJbIUIOe KOJMYeCTBO CHHXPOHHO 
a3BUBaIOULMXCA IMOPpHOHOB. PaOota MmpoBoyuach Ha BesomopcKow Onosorn- 
ecko cTaHiuu MockoscKoro yHMBepcHrTeta. 

Ilia XMMMYeCKOrO ONpeMeJICHNA XOJMHSCTeEPa3SHOH AKTHBHOCTH Obl TpHMe- 
€H THTpHMeTpuyeckuH MeToR. KalkKH nosBepraiuch 2—3-KpaTHOMy 3amMopa- 
‘HBaHHIO — OTTAMBaHMIO C TMocsenyroluleH MexXaHHuecKOH romoreHusalnen. 
[Oly YeHHbIe FOMOFeHaTHI YKCTParHPpOBaJINCb MOPCKOM BOROK (2 yacTH BOJbI Ha 
yacTb TKaHH, 15—20 mun. mpu 12—15°). SQkctpakTb!l pa3sBo,HJIMCb MOpCKOH 
omoH eule B 5 pas. OnbITH! MposomKauch 1,5—2,5 4yaca pH Temlepatype 
2—15°: B KayeCTBE HHAMKaTOpa HCMOMb30BaICA KpesOIpOT. B KOHTPOJIbHBIX 
WbITaX K 1po6amM oOaBAJICA MHTHONTOP aleTHIXONMHSCTepasb! 62 C-47 (1) 
KoneHTpaunu 10-4 r/Ma. AKTHBHOCTb XOJIMHSCTeEPasbl BbIPAKasacb B MUMJI- 
WPPaMMaX AILeTHJIXOJMHXMOpHfa, paculemeHHbIxX 3a | yac B MepecueTe Ha 
r peca KaqkKu. THCTOXMMMYeCKOe ONPeAeJICHHe XOJIMHSCTEP a3bI MPOHSBOAMJIOCh 
o Keane (12) ¢ HeKOTOPbIMH H3MeHEHHAMM (CpOK OOpaooTKH CyOcTpaToM OBI 
BeuueH Jo 12—24 uac., uKpa WO BHeCeHHA B CyOcTpaT TMomellalach Ha 5— 
0 cek. B 80° cnuprt.). B KOHTpONbHEIX CepHAX kK CyOcTpaTy joOaBuAJICA 
2 C-47 (2-107 r/ma), usu. xe pacTBop cyOcTpata roToBHsicA Oe3 alleTuu- 
ioxouuHa. Ilo 3aBepuieHun PHCTOXHMMYeCKOH OOpaOoTKH SMOPHOHbI 3aksIIO- 
ACh B TJIMWepHH-2*KeaTHHy. 

BospacTHad J\MHaMHKa XOJIMHSCTepasHOH AKTHBHOCTH Oblla Mpocuekena 
TATOUHO MOJHO TObKO y 2MOpuoHOB Dendronotus frondosus (puc. 1). Tpo- 
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Xoopbl H paHHne Berureppi Dendronotus He cogepxKaT OMpeMeJIMMbIX KOI 
YeCTB XOJIMHSCTeEpasbl. QMOPHOHAIbHaA MOTOPHKa Ha STHX CTANMAX PasSBHTH 
HMeeT XapaKTep PHTMHYECKHX TOJIUKOB WIM MeWICHHOTO BpallleHHA, o6yc.10) 
JICHHBIX HeMpepbIBHOH paGoTOH pecHHueK MpoTOTpoxa, Aasee MpeBpalllarouler 
CA B BeJIIOM. XOJMHSCTepasa OOHaAPy2XXHBaeTCA BMePBbIe Y HECKOJIbKO Ooule 
PpaSBUTbIX BeJIHTepOB, HMeIOWHX MaJIeHbKy!O PaKOBHHy. B Jas bHenIleM akTHl 
HOCTb XOMMHSCTepasbl MOCTeMeHHO HapactaeT H CTaHOBUTCA HaMOO/IbUeH y Bev 
repOB C MaKCHMaJIbHO pa3BHTOM PaKOBHHOH, TOTOBbIX K BbIJIYIVJI€HHIO. Poc 
XOJIMH9SCTePasHOM AKTHBHOCTH COBMaLaeT C ONPeAeJICHHbIMH H3MCHEHH AMH 3MOput 
mée/e-vae HaJIbHOH MOTOPHKH. BueHHA pecHHyeK Hi 
ér YMHaloT NMepeMexKaTbcA May3aMH, KOTOPb 
Je@ATCA JO HECKOJIbKHX MHMHYT H COMps 
BOMJalorca CKATHeEM JIOMAaCTeH BeJIKOM: 
Ilo qanupm Kaprepa (1°), may3br B pa6o1 
pecHHyeK BeJIIOMa OOYCJIOBJIEHbI TOPMO33 
IHMM HepBHbIMH BJIWAHHAMH HM MOABJIS 
IOTCH JIMINb MOce NOApacTaHuA HePBHBI 
BOJIOKOH K MOTOPHBIM KJI€TKaM. 
JloOaBseHHe HHTHOUTOPA alleTHJIXOJIHE 
actepa3bl 62 C-47 nomHOCTbIO HJIH MOT 
NOJIHOCTbIO yrHeTaeT CMOCOOHOCTb Fromore 
HaTOB UKPbI PaCcllleNJIATb alleTHJIXOJIME 


~ 


AxmubHociib QYCMUNXONUHSCMEDASb! 


Ss 


A & 8 fi 

Pp LB Ilo-BuyquMomy, XOJIMHSCTeEPa3sa 3MOPHOHC 
uc. 1. BospacrHaa MWHaMHKa aKTHB- 

HOCTH XOJHH3CTepasbl y JMOpHoHOB Den- Dendronotus orHocutTcs K py Ue alleTHd 

dronotus frondosus. A — panne senu- XOJIMHSCTEPAa3. 

repbl, 5 — BesHrepbl 6e3 paKOBHHbl C TucTOXHMHYeCKOe BBbIABJICHHE XOJIMI 


eee PasBHTBIMM JOMACTAMH BeNOMa,  ocTepasbi OBIIO’ MPOHSBEAeHO y SMOPHOHe 
Fionn Ue weet eed pee re 6 BuxoB ronoxKadepHEIX. Han6omee m0) 
BeqMrepbl Hesalouro 2O BbwIynaenns  POOHbIC AaHHbIe NoMyyeHbI Ha Dendronott 
u Aeolidia. | 
Tpoxodopbi H paHHue Beureppl Dendronotus He OOHapyxXHBalOT MOOK! 
TeJIbHOH THCTOXHMMYeCKOH PeaKIMM Ha xouMHaCTepasy (puc. 2 A). Ha Heckoml 
KO Oovlee NO3qHeH CTaMM PasBUTHSA y 9JMOPHOHOB B OCHOBAHUN BeJIIOMa 3aMeTH 
Ba CHMM€TPHUHBIX KOPHUHEBbIX NATHA, MO-BUAMMOMY HeCHTHUHBIX WepeOpaat 
HBIM TaHriuam (puc. 2 5). Eme nosxKe (Bemureppl 6€3 paKOBHHBI HW C XOpOI 
Pa3BHTLIMH JIOMAaCTAMM BeJIIOMa) Pa3MePbI COsepxKallell XOJMHSCTepasy 3OHI 
Ppe3KO BO8pacTaloT; Y MHOTHX SMOPHOHOB B TpefelaxX OKpallleHHOrO yuacTK 
BHIHbI CrylleHHA, COOTBETCTBYIOIHe WepeOpatbHbIM WH MeaJIbHBIM PaHrMAN 
Kpome Toro, y 9MOpMOHOB 3aMeTHO HenapHoe OKpallieHHOe MATHO — BUCHE 
paJIbHbIt TaHriul (puc. 2 B). Ormerum, yToO MMeHHO Ha STO cTaMu pasBHTH 
rOMOreHaTbl UKPbl MWpwOOpeTaiwT cmocoOHOCTh pacilenATh  alleTHIXONH 
(puc. 1). Y Beaurepos, uMetonjux pakoBuHy oKow0 1/, MaKCHMaJIbHOrO pasMepa 
BeJIMUMHa 30H, COflepKalllHX XOJIMHSCTepa3y, H HHTCHCMBHOCTb OKPaCKH 9TH. 
30H 3aMeTHO yBeIMUMBaloTCA (pue. 2 J). B npucyrcrsuu 62 C-47 rucroxumuyec 
Kad peak Ha XOJIMHSCTepasy MosaBaaetca (puc. 2 JI). Unpimu cnopamu 
PMCTOXMMMYeCKHe JaHHbI€ TaKKE MOATBEPKTalOT MPHHaLMeKHOCTL XOMMHSCTE 
pa3bi 9MOpHoHoB Dendronotus k rpynne aleTumxomuHactepa3. Y TOTOBbIX K Bb 
JIYMJI€HHIO BeJIMTePpOB XOJIMHSCTepasa MO-mpexKHeEMy JIOKAM30BaHa TOJIbK 
B H€PBHOH TKaHH (raHIIMAX WH KOMHCCypax) M OTCYTCTByeT B MOTOPHEIX KuJIeT 
KaxX BeJIOMa M Mpliuitax (puc. 2 E, XK). Tipu paccmarpupanun 2MOpHoHosB c 
CTOPOHBI slomacTen Bewlioma (pvc. 2 E) xopomo BuyHa KOAbIeBUIHAN CTPyKTyp. 
OKPallleHHOW 3OHBI, COOTBETCTBYIOMLAA TONOrpauy I. H. C. y NO3qHUX BeUrepo 
Gastropoda (4). Cxogquaa rucroxumMuyeckaad KapTuHa HaGsmlomaerca y pa3BH 
BaloulMxcaA SMOpHouos Coryphella rufibranchialis, Acanthodoris pilosa, Onchi 
doris muricata u Cuthona sp. Y scex sTHx BHOB XOJIMHSCTepasa MpucyTCTBye 
TOKO B HEPBHOH TKaHH, NOABJIACTCA M032%Ke BOSHAKHOBEHUA 2MOPHOHAJIbHO! 
MOTOPHKH HM NpHHaexUT K Tpynne alleruixomMHscTepas. OcobexHo mo3zHe 
NOABJICHHE XONMHSCTEPasbl XAPaKTePHO Avid SMOpHoOHoB Cuthona sp. 


724 


Puc. 2. Xomuuscrepasa y gsMOpHoHos Dendronotus frondosus. Muxpodoto. A, 5 — panunii 

Bemurep, B — pemurep 6e3 pakOBMHbl C XOPOWO pa3sBHTbIMA MONaCTAMU BemioMa, J — BesMrep, 

UMaiOI4H pakosuny oKos0 1/2 MakcHMasbuHoro pa3sMepa, JJ — TO 2Ke, peakI[HA Ha XOMMH9CTE- 

pa3y mogapnena 62 C-47, E — Benurep He3aforo WO BbIyNJIeHHA, BU CO CTOPOHH! somacTeti 

Baioma, )K — TO xKe, BU COoKy; ¢ — BeJIOM, 4. 2 — WepeOpabuble raHriMu, 6. e — BHCHe- 
PaJIbHbId TaHraui, 4. C — HepBHasx cucTeMa 


moi g 


Puc. 3. Xomunactepaga y sM6puonos Aeolidia papillosa. Muaxpotorto. A -- Tpoxooppl, 5 — 
paHHve Benurepbl, B — cpequve BerMrepbl; m — MpOTOTpox, 6 — PeCHMUHbIe KeTKH BeuIOMa, 
é — raHrauu 


JLAH, T. 132, Ne 3, By3HuKos 


Y smOpuonos Aeolidia xomunscrepasa HayHHaeT CHHTeE3HPOBaTbCA OHOBpe- 
HHO C BO3HHKHOBCHH€M PHTMMYeCKOH, AKTHBHOCTH peCHHyeK MmpoToTpoxa, 
e. ropasyo paHbllle, YeM y Apyrux UccMeLOBaHHHIX FomoO*KaGepHbIX. Buauasie 
JIMHSCTepasa MPUCyTCTByeT TOKO B KeTKax MporoTpoxa (puc. 3 A). Y pax- 
X BeJIMPepOB COsepxKaHHe XOJIMHSCTepa3bl B KJICTKAX BeJIOMa YBeJIMUMBAaeTCA, 
OMe TOPO, CTaHOBATCA 3aMeTHbIMH OKpallieHHble MATHA, MO-BHAMMOMY HJeH- 
YHbIe WepeOpasbHbIM rauriuam (puc. 3 5). Y cpequux BemurepoB xomMHaCTe- 
3a MO-IIpexKHeMY JOKaJIH30BaHa B PCCHHYHBIX KJeTKaX BeJIOMa HK B PaHlviwAx 
uc. 3 B). Muru6utrop aketuxonunacrepaspl 62 C-47 nourn ne CHMxKaeT UH- 
HCHBHOCTH OKPaCKH; B OTCYTCTBHe alleTHJITHOXONMHAa OKpacKa He BO3HMKaeT. 

TlomyueHHble JaHHble CBUETEIbCTBYIOT O TOM, YTO CHHTE3 AIleTUJXOJIMHSCTE- 
3bI Y SMOPHOHOB LFosO*KASepHbIX MOJJIIOCKOB UeT NapasebHO C pasBuTHeM 
PBHOH CHCTeMbl, a OCHOBHAA WaCTb STOrO sbepMeHTa HaXOJHTCA B HEPBHOH 
au. Y BCeX HCCJIeAOBaHHbIX BUAOB, Kpome Aeolidia, xouwuHacTepasa MOAB- 
eTCA SHAYHTEJIBHO MO032%Ke BOSHHKHOBEHUA IMOPHOHAIbHOH MOTOPHUKH HU OTCYT- 
ByeT B KJleTKax BelioMa. Ilo-BuyquMomy, y rouoxKabepHbIX, B OTIMUHE OT GOUIb- 
MHCTBa J[PyYrHX H3YYeCHHbIX B 9TOM OTHOLICHHH XKHBOTHDIX, IMOPMOHAMbHAaA 
OTOPHKa He CBA3aHa HEMOCPeEACTBEHHO C (PEPMEHTHOHM CHCTEMOH «alleTHJIXOJIMH- 

OMHSCTepasa». BO3MO2%XKHO BIPOUeM, YTO LWeCHTPaJIbHbIe TOPMO3ALIME BJIMAHHA, 
I3bIBAaOUHe MepHOAMYecKkHe OCTAHOBKH PeCHHYEK BeJIOMA, OCYULECTBAIOTCA 
pu yyacTuM sTOK depMeHTHOM cucTembl. IIpeqBapuTebHuble ONBITEI NOKa3saJH, 
TO HHAKTHBALMA XOJIMHSCTep a3bI Mpemapatom 62 C-47 (1074 r/ma) cHumaer May- 
sl B OMCHHAX peCHHYeK Y MO3qHHX BesHTepoB Dendronotus. Y sMO6pHoHOB 
.eolidia XOMH9CTepa3a NPHCyTCTByeT HE TOJIbKO B Il. H. C., HO H B MOTOPHBIX 
JeTKaX MPOTOTPOXa H BeJIOMA, a TAKKE OTMMUACTCA OT XOJIMHSCTEPasbl A Pyrux 
oO*KaOepHbIX CBOeH yCTOMYMBOCTbIO K HHrHOuTOpy 62 C-47. Mmerommeca 
aHHbIe MOSBONAIOT JIMLIb KOHCTATHPOBAaTb STH OCOOCHHOCTH HM He JalOT BO3MOX- 
ocTu MpOaHaJIH3HpOBaTb UX. 

_ B 3aksOueHHe OTMETHM, YTO Pe3YyJIbTATbI HALIHX OMbITOB He IIpOTHBOpeuaT 
YULECTBYIOWIMM B3rIAaM O POM (epMeHTHOH CHCTeMbI «alleTHJIXOJIMH-XOJIMH- 
cTepa3a» B CTaHOBJeHHH dyHKUHH HepBHOH CHCTeMBI. 


MxctutyT Mopdowordu xuBoTHDIX uM. A. H. CeBeptosa Tlocrynvsio 
AkajlemMau HaykK CCCP 21 I 1960 
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ITAPA3HTOJIOFH; 


AHYO AHYEB u AHUMO BO)KKOB 


K PACIUM®POBKE BHOJIOTHH TPEMATO/IbI 
PROALARIA EXCAVATA RUD. 


( 
(IT pedcmaeaeno axademuxom K. H. Cxpsounom 21 XII 1959) 
' 

Bos3peHua Ha IMKJI pasBuTud Tpematoy Proalariaexcavata Rud., mapasuTr 
PyIOUlNX B KMIMeYHHKe OebIX aHCTOB, IIpOTHBOPeuMBbI. PyMbInCKHMH TeJIbMHF 
Trouor Uypea (1) cBouMH SKCHepHMeHTaMH MOKa3aJl, YTO MeTallepKapHK TpeMaTO 
Tylodelphys rachiaea, napasuTupytoulue B MOsry siaryllieK Rana esculenté 
ABJIAIOTCH JIMUMHOUHOH cTagueu P. excavata. 

Cungart (?) mpociequs WHk pasBuTua P. excavata or crayquu Aa JO MeTC 
WepKapHA MW YCTAHOBHJI, UTO IPOMEXYTOUHBIM XO3AHHOM STOH TpeMaTOJbI ABI 
erca Mowutock Planorbis carneus, OMbITOB 2Ke C MeTallepKapHAMH STOTO Napa3suT 
Cuuyat He mpoBogua. B cpoel nocenyrouren padote (*) Cuuqat BbICKa3as mpes 
nooxwkenne, uro P. excavata Napa3uTupyeT TOJIbKO y OevIbIX H YEPHbIX AMCTOF 
HO He y KBakBbl (Nycticorax nycticorax), OJHaKO MHOrHe aBTOPbI C4UMTAIOT | 
KBaKBY J(@*—PHHUTHBHBIM XO3HHHOM 9TOH TpemaToyb. Ilo MHeHutlo Cuufata 
y KBaKBbI Ilapa3uTupyeT pyro Buy, TpemaToyb — Proalaria clavata, merauep 
KapHu KOTOPOrO OOuTAIOT HE B MOSTY JIATYUWIeK, a B rvla3aX HEKOTOPbIX IIpOMBIC 
JIOBBIX PbIO. 

M. H. JlyOuunua (*) Ha OCHOBaHHH CBOHX HaOJOMeHHH BbICKa3ala mpeqna 
jowKenne, uto T. rhachiaea qouiKeH CUHTaTbCA MeTallepKapHOH CTaqHet pa3Bu 
tua P. excavata. Cpowo Touky 3penua JlyOMHHHa MOTHBHPOBAasa CJIeLYIOULHMI 
TpeMA 9KCMepHMeHTaMH. KBakBaM OblIH aHbl CooTBeTCTBeHHO 370; 400 u 50k 
MeTallepKapnes T. rhachiaea, KaK H30JIMpOBaHHbIX M3 CIIMHHOFO MOSPa JIAryiles 
Rana ridibunda B dusnouornyecKoM pacTBope, TaK HM BMeCTe C MO3roBOH cy6 
CTaHUMeH, HO 3apaKeHHA He NOyuMOch. OTor pesyabTaT u gan JlyOunnHo} 
OCHOBaHHe JIA Mpeqmouomwenua, uro T. rhachiaea He ABAAeTCA JIMUMHOUHO! 
tbopmon P. excavata, a pasBuBaerca B KakylO-HHOyb Apyry!o Tpemartosy 
B cBoet padote JlyOnHuvHa yKasblBaeT M Ha [pyroe HaGJIOCHHE: KBaKBbI B J[@JIb 
Te Bourn ovenb C1aOo HHBa3HpOBaHb! P. excavata (e10 OOHapy2KeHO 5 Cy yaeB MH 
158 uccjleqOBaHHbIX KBaKB), B TO Bpemax Kak T. rhachiaea perpeyaerca nou 
y Bcex Jarylek Bua R. ridibunda, HaynHasd Cc WByXJIeTHETO BOspacTa. 

Mmex B Busy, C OMHOH cTopoHbl, uro Uypea cuen WOKa3aHHbIM pa3BHuTH 
T. rhachiaea B P, excavata Ha OCHOBaHHH TOJIBKO OHOPO ONBbITA C OeJIbIM AHCTOM 
a, C Apyrou cropoubi, akT, uro JlyOunuHa Ha OCHOBAHHM TPeX OMbITOB C KBaK 
BaMH MlOCTaBHJIa NO COMHeMHe 9TO PasBUTHe, a Take MHeHHe B. H. Ma3sypmo 
Biya (°), YO pasBUTHe MeTallepKapuu T. rhachiaea elle He H3BeCTHO, MbI peu 
SKCNePHMeHTAJIbHO BbIACHATb OMO/OrHYeCKy!O B38aHMOCBA3b MeTallepKapus 
T. rhachiaea c Bugom P. excavata. 


MeTOAWNKANM pe3YAbTATH HAaWux uccnezoBaHUn 


B aa6oparopun 300napka Bourapcxo Akagemun nayK (Codus) namu Opt 
MOCTABJICHbI OMbITbI C TpeMA OeJbIMH AHCTAaMH MPHONH3HTeIbHO AByXseTHEer 
Bospacta. I[locie mMpesBapHTebHOH ereNbMHHTH3alMH YeTbIPEXXJIOPHCTHIN 
yriepoqom B ose 3—5 cm? MW KOMPOOBOCKOMMUHBIX HCCeCROBaHH Ha HauUM 
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PpeMaTOJHbIX AIL B 9KCKPEMEHTAX AHCTaM OblJI CKOPMJIGH CNMHHOK MOsr JIA- 
ywek Rana ridibunda, coqepxaBuimii Merarepkapues Tylodelphys rhachiaea. . 
AOJIMYCCTBO MeTallepKkapHeB B MOSrOBOH cyOcTaHWMH opeseinnoch mpHOsH- 
MTeJIbHO, NOTOMY YTO 9TH JIMYHHKH HE KUBYT WOO B PUSHOJOrHYeCKOM pacTBO- 
pe; MOSTOMY Mbl UX laBaJIH aMCTaM BMeCTe C MOSrOBOH CyOcTaHIlMeH, KOTOPy!o 
NoBeprain JIerKOH KOMMpeccHH, TOOL! yCTaHOBHTb MpHOMM3HTebHOe KOWH- 
ecTBO MeTallepKapues. Mosropan cyOcTaHIlHA aBalacb avCTaM BMeCTe C 3aJ- 
eH HO*KKOHU JIAryWKU, B MyCKyJlaType KOTOPOH feaiCA KKapMaH4UK» JIA BBOMAa 
Hero MO3roBOH TKaHH. Kak JO ONBITOB, TaK MH BO BPeMA OMBITOB avCTbI KOPMH- 
HCb HCKJINOUHTeEIbHO KOHMHOH. 

Ont Ne 1. Tepspii v3 Tpex nogonbitHblx avcTOB Obl OTAeeH B CHelH- 
JibHOe Tomemenuve 9 XI 1955 r. [pu Konposoruyeckom ucceqOBaHHN 3KCKpe- 
CHTOB B MepRbI JeHb “He OblIO HaHJeEHO TpemMaTOMHBIX Auu. 12 X]-anct Opi e- 
ebMeHTH3MpoBaH. 14 Xi OBOCKOMMYeCKOe HCCIEMOBaHHe aslo CHOBa OTPHILa- 
CIbHBIM pesybTatT. 23 X|1 aucry Oplio ckopMieHO NpHOTHM3KTeMbHO 30 O4eHb 
OJBMXKHBIX 9K3eMIIApoB T. rhachiaea, B TOT »%Ke J€Hb B 9KCKPe€MeHTAX aHCTa 
PpeMaTOJHbIX AHI OOHApyxXeHO He Oplio. TombKo 10 XII B akKcKpeMeHTax ObIUIM 
OHaPyXeHbl OTCIbHbIE TpeMaTOMHbIe Alla, B TOT Ke JeHb aucT Opi yOur. 
Ip BCKPbITHH B TOHKOM KUUIKe OblwIM HaleHbl 2 NOOBO3PeJIbIX SK3eEMMIApa 
va Proalaria excavata, KoTOpble yxKe HMeIM Aa B MAaTKe. 

Om tT Ne 2.9 XI 1955 r. Obl u30nMpoBaH MH BTOPOM NOMONbITHIM ancr, 
8 9KCKPeMeHTaX He OblIO HaWeHO TpemMaTOAHHIX Au. 12 XI aucr Obi Werenb- 
MMHTH3upoBaH. 14, 16 uv 20 XII B akcKkpemeHTax He ObIJIO TPeMaTOJIHbIX AUHIL. 
21 XII aucty 6pin0 ckopmMuleHo mpu6nu3uTeIbHO 25 T. rhachiaea. 26 XII aucr 
BTOPHYHO NOWyun OKONO 50 T. rhachiaea. 27 u 29 XII B 9kcKpemeHTax TaKkxKe 
He ObIIO OOHAPyKeHO TpemaToAHEIX any. 31 XII npu opocKonuyeckom uccepO- 
BAH ObIH HaWeHbl OTAeJIbHbIe Aa TpemaTog. 2 I 1956 r. KomnuecTBO AML 
B 9KCKPeMeHTax yBesHUMOCb. 4 J auctT Obl NOABeprHyT BCKPbITHIO; B NepeqHeH 
M CpeqHel uaCTAX TOHKUX KHUIOK OblIO OOHapyxeHoO 18 P. excavata, 43 KOTOPbIX 
10 c auimamu u 8 MOOZBIX, 6€3 ANIL. 

Ons TNe 3. Y Tperbero ancta, KOTOpHIH Obl OTAeENeH TOKE 9 X1, pu mpesz- 
BAPHTeJIbHOM UCCJIEOBaHHH B 9KCKPeCMeHTAaX OOHAPy2XKeHO OOJIbUIOe KOJIMYeECTBO 
rpemaTogubrx sum. 12 XI on Obi ReresbMHHTH3UPOBAaH 3 CM® YeTHIPeXXJIOPHCTO- 
‘0 yruiepoma. Tak Kak KONpompo6nl, cedanHbie 25 XI u 22 XI] noKasaun TOKO 
JIMHMUHbIE TPeMAaTONHbe ALIa, UPHWWIOCb ITOFO aHCTa BTOPHYHO WeresbMMHTH- 
sHpoBaTb 23 XII, mpuyuem, AIA OObWIeH BepHOCTH, 03a Oba yBedH4eHAa JO 
» cm*. 27 XII B 9KcKpemeHTax yxKe He OblIO TpeMaTOAHbIX suu. 30 XII ancr 
bi 3apaxkeun 130—150 T. rhachiaea, a 31 XII emy nau ene oKo0 50 Meranep- 
<apHeB Toro *e Bua. 10 I B KoNpompobax GpiI0 OOHapyxKeHO OobWIOe KOMMYe- 
TBO TpeMaTOAHBIX Au. 12 | Np BCKPBITHH aucTa B TOHKOM KUHUIKe OplM OOHa- 
yyxKeHbI 51 9k3. P. excavata, u3 KoTOpbIxX 22 c aHuaMu H 29 MOJONbIX 63 AHI. 
<pome Toro, Oblvi0 HalieHo eile 5 3kK3. TpemaTogbt Chaunocephalus ferox, Bce 
AUMaMM BMAaTKe. OTH TPeMaTOJbI HAXOMMJINCh B 3aHeH YaCTH TOHKOH KHIIKH. 


O Gc enue Plea y a bla TOre 


AnasM3upysd pe3yJbTaTbI MPpOW3BeACHHbIX HAMM OMIbITOB, Mbl C4YHTAeM, YTO 
MH OKOHYATeIbHO JOKa3aHO, 4TO MeTouepKapni Tylodelphys rhachiaea 
BUAeTCA JHUMHOUHOH cTaquenH Proalaria excavata. STHM MbI NOATBeEpxKaem 
iHeHHe Uypea (*). Hamm ombirbl moKa3aiM, YTO pasBHTHe MeTallepKapnes 
TOJOBO3pey!O (POpMy COBepliaeTcA B CPaBHHTEJIbHO KOPOTKHH CpOK: MocwJe 
0 WHA 3apaxkeHuA POPMUPYWTCA yxKE MOMOBOSPeVJIbIe 9K3EMILIAPHI. Besble aMcTbI 
YeHb BOCIPHUMUYMBHI K uHBa3sHH P. excavata. JTO BuLHO U3 ONbITOB Ne 2 u 3, 
POBEJCHHBIX CO 3HAYHTEJIbHbIM KOJIMYECTBOM MeTALlepKapHveB, IpW KOTOPbIxX 
KONO 20—25% BBEeHHbIX MeTallepKapHeB Pa3BHJIMCb B MApHTHI. . 

O6uapyxKeHne B TpeTbem onpite 5 9k3. Chaunocephalus ferox orientalis 
aschkirova MoKa3bIBaeT, YTO 3apaxKeHHe MpOHu3OLUINIO, MO-BUAMMOMy, Hocpel- 
[BOM MeTallepKapHeB ITOH IXHHOCTOMATHAbI, HAXOAMBUINXCH B HEKOTOPbIX OP- 
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raHax JIATYLIKM, KOTOpbIe WIM Ha KOpM aucty. OrHocuTembHO Onosorun C. ferox 
Mbl HalWIM B JIMTepaType TOIbKO MpeqnorowKenne Cryupata (?). On Muuler, ure 
Hauien B Mosry Rana esculenta MeTramepKapHeB cemelicTBa Echinostomatidae 
c 27 wvMaMu Ha BOPOTHMYKE, KOTOPHIX OH MpeAMOMORKUTCbHO OTHOCHT K BUY 
Chaunocephalus ferox. OqHako Cc TeX MOp STOT BONPOC HUKTO He M3y4aJI, HW pas 
BHUTHE 3TOM TPeMaTOJbI OCTaeTCA BCe elle HEBbIACHEHHbIM. 

Mbt wonycKaemM BO3MOXKHOCTb, UTO TpeTHH aMCT ObiJI JO MOCTAHOBKH ONIbITé 
ecTecTBeHHO 3apaxken Ch. ferox, uw 4TO 5 9K3. STOrTO Bua yileeM B ero KU 
IMCUHUKE MOC EPeIbMUNTH3aHH. OHAKO, HE3ABHCHMO OT Pe3yJbTATOB TpeTh 
ero OMbITa, HpH KOTOPOM B TOHKHX KMIKaX aHcTa, NOMMMO OOJIbINOrO KOJIM 
yectBa P. excavata, ObuiM OOHapyxKeHb! 5 9K3. 9xHHOCTOMaTHADI Ch. ferox orien: 
talis, Mbl CUHTaeM BHOIHe JOKa3aHHbIM (aKT PasBuTuA MeTallepKapus T. rha- 
chiaea B Mapute P. excavata. 

Mot 9To yTBepxqaeM MOTOMy, YTO THMM4HAaA cTpureaTHad MMuMHKa T. rha 
chiaea, JIMMeHHaA TOMOBHOrO BOPOTHHKa C WMNaMH uM CHaOwKeHHaA OpraHoN 
Bpaugeca, HHKOUM O6pa30M He MOXKET ABIATbCA MeTalepKapHeM Kakoro-s1HOC 
mpeycraputTesa cemelicrsa Echinostomatidae, y koToppix oprana Bpaupecé 
HeT, a HMC€eTCA FOJIOBHOM BOPOTHHK, MOULHO BOOPyKeHHbIM XHTHHOBBIMH WuNaMu 

Uro kacaerca MHenus JlyOHHUHOH, OMpoBepratouleH pasBuTHe MeTallepKkapus 
T. rhachiaea B mapute P. excavata, TO OHO MOXKeT ObITh OOBACHEHO, MO-BHMMO: 
MY, T€M, UTO KBaKBbI, C KOTOPbIMM 9KCHepHMeHTHpoBaa JLyOHHMHA, He ABJIAIOT- 
CA OOMHTAaTHDIMH XO3H€BaMU 3STOM TpeMaTOAbl — 9TO MOMHOCTbIO CorsmacyerTcs 
c TOUKOH speHun Cuufata, KOoTOppI cunraet, uro P. excavata cnocoOua Napa 
3HUTHPOBAaTb TOJIbKO y OeJIbIX H YEPHbIX AHCTOB. ! 

J\1i BbINCHeHHA BOMpOca O TOM, KakOH Bu poga Proalaria napa3suTupye! 
Y KBaKBbI, TpeOyIOTCA [aJIbHeHUIMe SKCIEPHMeHTAJIbHbIe HCCIEROBaHHA. 
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